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A catalyst U prepared by combmiog a bis(cyciopcntadienyi)ziiniiiium compinnd with a seconil.compbrad comnm. 
ing a catioD capable of donatog a proton and a biilky. labile anion comprising a plurality of boron atoms capable of stobi^ 
jizing the arcomuro cation foipally having a coordination number of 3 and a valence of +4 which is formed as a result of 
. Jhc combination. Many of the catalysts thus formed are stable and isqlablc and may be recovered and stored, flic GtaJysts 
may be preformed and.then .used to polymerize olefins or the catalysis may be formed in situ during polymcrizatioh by ad- 
dmg the separate components to the polymerizatibn teacfion. The catalyst wiU be formed when the (wo componchte ire 
combmed al a temperature withm the range from- about ^KKTC to about 300-C Tbt catalysts thus prepared afford better 
control of polymCT molecular weight and are not subject to equiUbrium reVersaL nie catalysts thos produccd ait also less 
pyrophonc than the more conventional Ziegler-Natta olefin polymerization catalysts. " ' 
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CATALYSTS, HETHOD OF PREPARIHC THESE CATALYSTS, - 
. . Arm POLYMEBIZATIOn PROCESSES WHEREIU THESE -CATALY. 

STS ARE USED 

. I. . This Is a Gontlnuatlpn-ln-Part of U. Patent ApplVcatfon' 

:. 2 Serial No.. 011,471, filed January 20. 1987, 

.3 BAOCGRQUND OF THg IKV^NTrnH . • " ; • ' > 

;4 • : . This Invention /elates tbcoinposltlpns.of ciattVf'usefyl 

5 . ^catalysts, to a method for preparlng these catalysts,. to a! process.. 
'6 vh'erein these coDiposl.tlons of oatter are used -as/tatalysts-and-to 
T polymeric products produced ilth these catalysts; More 
" 8; . particularly, this Inyentlph relates to. catalyst co/nposltloh^ 

9 .; • fnethod of maMng'sald catalyst conposlflons,: to a inethod.for/ : ' . 

10 pplyroerizlng olefins,. dloleflns and/or acetyl enically unsaturat^^^^ 

11 • (ionoiners wherein these catalyst compositions are used, and to. 

12 • polymeric products produced with these catalyst cotnpbsitrpns.- 
13" . The use of soluble ^iegler-Natta type catalysts. Iri the. 
14 polymerization of olefins is, of course, veil known In:: the. pkbV..- 
15, art. In general, these -solubie systems' comprise a Group IV-B metal 

16 .. compound and a metal alkyl. cqcatalyst, particularly an a.luinlnum. ••' 

17 aikyl cocatalyst. A suligenus of these catalysts Is -that; subg^^^^ ' 

18 . . comprising a bis(cyclopentadienyl) compound of the Group iV-B 

19 metals, particularly titanium, and an aluminum alkyl .cocatalys.t.. 

20 Hhile speculation remains, concerning the actual stnjcture of the. ; • 
21 .active catalyst species;, in 'this, subgenus of soluble .ZiegTer^NaU^^ 

22 type olefin polymerlzatlbn cataiysts. It would appear generally •- ^ 

23 . accepted that the active' catalyst species is an ion or a' " 

24 decomposUion product thereof whlch will alkyUte. an olefin .In , the 
25* • presence of a labile . stabl'.lz^ anion. This theory may' have first 
26 ; been advocated by Breslow'and Hevburg, and. Long and Breslqwi ais - 

.27: indicated, in their resjpective articles appearing In p.. Am; Chera:. . 

.28 :sdc.,:i959, ;Vol. .81, pp.; 8.K86, and J. Am. Chem. Soc., 1960, Vol. ',. 

29 . ; ''82 , p^ ^1 953- 1 957 . As . j ndi cated 1 n thes e aV t.1 cl e$ , . var 1 pus stud 1 es- - 
30... suggested that, the* active. catalyst 'species is' a' tita.nium-a|ll<iyt V 

3.1 • complex or' a. species .derived theVefrom when a titanium" compound;.. :* • 
•.32.. . yiz.p bis(cyclopehtadiehylhitanium dihalide...and an\aiuminum •ajkyr." 
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• are used as .a catalyst pr catalyst precursor.;. The; pr^erite of " 
ioiis, all belng-in equUibriuia. vhen a titaniuia compound Is used. . 
vas also suggested by DyachkovsMi, Vysokomol; 'soyed."; igs^.-'Voi.- 

. l^^^^S and by Oyachl;ovsM1.,Shilovi and Shilov^o/p^^^^ ■" 

:'Sc1.., Part C. 1967-. -pp; 2333-2339. That the active; catalyst . .. 

species is a cation.cdmplex vhen.a titanibn ci^pound 'is used^ Was 
^ further suggested by Eisch et.aK. J; ^B. ciein:: Soc;-- 1985, -Vol.- 
^ :.- 'lp7. pp. 7219-7221. ' 

While the fofegoing articles teach or su^^ 
.active cataIyit..species U' an'ibn.pair'and; pirt1culafiy^^^ ion^^ r 
pair wherein the.oietal consponentis present as/a catibii- or a • 
■'. decomposition product thereof. ;and while thes^ r^ferenc«^ teach or 
•suggest 'coordinatlon. chemistry to form such. active catalyst ', 
species, all of the articles teach^ the use of icocatalyst " • 
IS; comprising a Lewls^acld either to form or to stabflize-.the active " 
16 ionic catalyst species. The active catalyst is', apparently, foriaed 

• through a Lewis. acid-Lewis base reaction of two neutral components 
(the liietallocene and' the aluninui a'lkyi), leadi'ng.-to an.^quilibriuri- 
.between a neutral, apparently inactive, adductand*;an ion pair/ 

presumably the active catalyst. . As a Vesult of this equiHbriuiii, 
21 there. is.a competition for the anion which must be present to . - 
2|. . stabilize the active cation catalyst species: . this Wilibriuo is/ 
.23 of course, reversible and such reversal wni deactivate the ' 
•catalyst. Moreover, .the catalyst systems heretofore contemplate^^^ . 
are. subject to poisoning by the presence .of basic impurities in. the 
system. Further,, many, if not all'.- of the leWis^ acids heretofore • 
27 - contemplated for use in Soluble Zi eg! er-Natta' type- « iystems 
28:. are chain transfer igents and, as a; resuU,. prevent. e^^^^ ' 
control of the product pblyiber molecular Weight, and produ^^^ 
uoiecular weight distribution;; Still' further..>ost; :if.n^ 
the cocatalysts heretofore, cohtemplate^ 
^ result, somewhat ;hazardous to use; / ■ 
33.-.-..:'' : • The. aforementioned catalyst. systems have ^^^^^^^^^^^ '/ 
beeh-particularly ;a[ctive: when" zirconium or :hafriiui.is;th&- G^^^^ : 
ly-B roetarused". Recently, however, it has bert; foun^^^^^^^^^ 
Ziegier-Natta type .catalysts can. be formed. when^biV(cyi:lo^ • *; .-^ 
pentadienyi}hafnium ahd'bisCcy^ 
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" . \ 3 " ; * • . " 

\ \ l' are used With alumoxanes.- As is well Khownj the'se systems offer 
'■' 'Z- several distinct advantages, including vastly higher" catalytic • 
. :,.'3 activities than the aforementioned bis (cyclopentadienyUtitanlum 
. 4 ; catalysts and the prbductlon of polymers with' narrower' molecular 
: : i?vr' Weight distributions than those froo conventional Ziegler-Matta^ • 
^-6. . ■ .catalysts. These systems remain subject to. poisoning when basic 

* ■ 7^ . ^J^Pur'^t'^es' sire' p^^ and do» however,, require ah undesirable - ' 
v.. -fl , ..excess .?^ the alumoxane to function efficiently. Moreover, ..the 
..,"9;;/!.. hafriiura'cohtaining systems are not as activ^ as. the zirconium ■ ' 
■■•>;-10: ■ containing systems. -at least when used for hpmppolyinerlzatlon.'- "\ 

■• this has. been suggested by Glannetti ,. Nicolettl and Hazzocchl » 3: • 
■>12;.: Polym.^S^^^^^^^ Polym. Chera.. 1985. Vol. 23. pp. -211 7-21 33, who- ■ ■ 

.13 : claimed, that ethylene polymerization rates.:of •bi$(cyclc^-/ 
.:.14; pentad1enyl)hafniua compounds were five, to ten. times slower t.haii 
. ;15 those of similar b1s(cyclopentadrenyl)z1rconiuni, compounds while 
"16;. there was little difference between the two. catalysts in the 

.17'. . molecular weight of the polyethylene formed from. then. 
; 18 . > . In light of the several deficiencies of the coordination '•• 

. 19;- catalyst systems, heretofore contemplated, the need for an improved 
./20 .coordination system which: (I) permits better control of molecular 
. 21 .. weight; arid molecular weight distribution; (2). is- not subject to 

22 .. activation equilibrium; and (3) does not. involve the use of an. 
: 'i??, • undesirable cocatalyst is believed readily apparisnt. 

24 .. SUMMARY OF THE INVgNTTQN 
>.25. It has now been discovered that the foregoing and other 

. 26 . . disadvantages of the prior art ionic olefin. polymerization. 
;;27. ... catalysts can be avoided, or at least reduced, with the. ionic . 

• .28 V ... caU^^ the present invention and an .improyed. olefin, d Vol ef in 
!-29:. .yand/or acetylenically unsaturated monomer polymerization process . 

3Q....^; provided therewith, it Is,, therefore, an object .of .this. Iriventlon:." 
.^31. :.. to provide .iraproyed^ systems useful In the 

..32:'^v p^^^ diolefins and acetylenically unsaturated 

:*.33{-- -bpnomersV It is another. object of this invention to^providb. a 
.34;;.. vimethbd' f^ such' improved catalysts.. It is .a further 

.35 . . object of this invention. to provide an improved pplymerization 
'?V:^.PWess using such improved catalysts, it is still another object' 

3?.: - - of tMs- invention' to provide such an improved catalyst which; is not. 
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}.}• subject to ion equilibriUi-n reversal. It Is still a.ifurther object-v 
• ■; 2 • .. of this Invention to provide such an Improved catalyst which may 
•V. • . ^.Pep^t better control of the product polymer .Dolecular weight and.- 
''4' /. V'mblecular It. Is yet a further object of this* 

Invention to; provide such an Improved catalyst which. (nay be. used ; 
'•v;'V^; less -risk of fire.. It Is even another object' of" this . 

- polymeric products produced with these; 

; :.8 : c ioproved catalysts, haying relatively narrow mblecular weight . 

;.?^\j:distribut1ons. and^w^ are free of certain netariflipuri ties. the.. ' 
V other objects and advantages. of the present * ; 

.v;-^^ from.the description set forth- - 

•\ :{/ 12 ^ hereinafter. and the. exM^^^ • " . 

. - .^^ . accordance with the present invention, .the' foregoing 
j-./.l^ : • and other objects, and advantages are accomplished with and by using. 

f^..-;i-cataiyst:prepared.by c least two cotnponents, the first 

.■••■•16*.: -.of which -is a soluble,' bis(cyclopentadienyl)-substituted Group ,IV-8 
. ro^ compound, containing at least one ligand which Will combine. 
-1? : with a Lewis pr.Brons ted acid thereby yielding a Group IV-B metal 
.■ ,■15 cation and the second of Which compounds comprises a cation, capable 
:2^P^^ reacting irreversibly with said ligand in 

:;. . .^2^:.. .said Group IV-B metal compound to liberate a free, neutral . 
. .,.. 22 . : by.:^prpduct and a compatible noncoordinating anion comprising, a" 

V plural 1 ty of boron atoms, which compatible noncddrdina ting anion is 
V ; 24 stable, bulky and labile, the. soluble Group *iV-B' metal compound 

.;)25 ".niust be capable of forming a cation formaily.haying a' coordination- 
. 26 .. ./.number of. 3. and a valence of +4 when said ligand is liberated 
27 :'; ' there froni. ..The:anion of the second compound must be capable* of 
■ "^28:;,'^^^^^^^^^^^^^ metal cation complex without interfering- 

■: 29:^ with the Group iV-B. metal .cation's or its decompbs.iti.on product's- 
.J../3P ; :'; abi.lit^ function.as^ a catalyst and must be^ Sufficiently labile ' 
'- to permit displacement by. an olefin, a di.olefin or an. 
: ..V32 .;. . acetyl enica.l ly unsaturated mohoiiier during . pqlymerlzaLtion. For 
. 33 .'example, Bpchmann'a^^ Soc.,'Chein.. 
'^;:r34.; 6}nin; ,. 1966,^: p^ 1610-1611) Vhat. b1s.(cycioipe^Udi6rtyl)-titari^ ■ 
^\r\^^:Sy^}^^^^y^ reacts w.ith tetrafluorobpric acid to form 'bis (cycTo- 
..; 36.- pe^^ tetfafluorobbrate- TTie. anion is, 

■';.~>37;:./ labile' to be displaced-*by';ethylene.. 
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■ yii DETAILED DESCRVpflON OF THE INVENTION _ ^ 
..; 2:- - \ As indicated supra, the present .invention relates to; ; • 
i- . • catalysts" • to a method. for preparing such catalysts; to a- method of 
. "jA/>9 such catalysts and to pplyrceric products produced .with' such^ 
-i>":5 ; "catalysts.-.. The catalysts are particularly, useful in the. 

■ ' : 6- polyraeri zation. of arol ef 1 ns /. diolef ins .and acetyl eni cal ly 
; .•:'7 unsaturated fconomers', ■ The improved catalysts" are prepared by" 
' -8 .-coinbin.ing at .least. one first compound which is a b1s(cycJo- 

9. ..p.eritadienyi);:derivative of a. metal of Group. iv-^B pf the Periodic 
."10 iabVe-of' Vhe. Elements capable of ^ a. cation formally having i 

11 J number of 3 and a valence of +.4. and at least one 

-' ;-..-12 • •^second compound ^ a cation capable'. of donating a proton' 

: : ;,i3 and a compatibie nonco^^ anion .comprising a plurality of .\ 

14. *.;.borbn .atoms;.' W^^ bulKy and labilei and capable of ..J 

15* /stabilizing the Group IV-B metal cation without interfering with- 
'•16 said Grbijp'iy-B metal cation's or its decomposition product's \ 
;;17 ability to polymerize a-olefihs,' diolefins and/or acetylenically • 
; V 18 . "' Unsaturated .ffl^^^ 

..19 V . A11..;"refiBfehce .to the Periodic Table of the Elements herein. 

.. "-•"^ 20 shall refer' to the Periodic Table of the Elements; as published and; 

21 . copyrighted % CRC Press, Inc.. 1984. Also, any reference to a* • 
. iZV . Group . or. Groups of such Periodic- Table :6f ..the* Elements shall .be:, to"" 
/. •.;23 vtM Grou^^^ reflected in this- Periodic Table of th'e * 

^•24;c- vEleiiients.v :^V'.. 
25. > .. As .used herein, the recitation, "^.compatible noncoordinating 
ZSv anion" mem^ which; either does not. coordinate to said 

. 27 . cation or which. is only W^^ coordinated to said cation thereby.; ■ 
:;..28 ;' remain to be dlsplated. by a neutral Lewis . ■■•"; 
\ •:;;29. base..* The reel tatipn. "compatib^ noncbor^Jinating anipn" 
•t. 30' .•; specifically refers, to an aril on. which when fuw^^^^ as a.\ 

: = 31 • stabi 1 Vzl ng..:an1on ; 1 n the catalyst . system-bf • thi s i nvent ion does noXi ■ 
\..;3^ substituent or fragment .th'eredf to said cation 

*:.•'. 33 .;^;.thereby for'niihg'. a. neutral four coordinate ietallocehe and a neutral'" 
'34..- boron by-product. Compatible anions are those which are not* 
" 35\- degraded" to :ne.utrality when thV initiatiy' formed complex decomposesr 
■■.S36: ' . -r. ' Uhe'G^ compounds, "and particularly titanium; . 

■ .;.37,- ' zifconium- and-hafnium .compounds, useful, as .first compounds in the. 
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; v' ^ 2" //derivative general., useful' 

I j)afn1uni c6nipounas ina>[ be represented by. the' 
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:^.^^.;:-.JV<Hhefein:; ..- 
't ^k.;!^4?:^:^^°!^^^" Groi/p Consisting Of 
O^^ -^V-* (Hf);- (A^Cp) is 
V^M. vrji '^'/ K^^^ and Cp and Cp* are the' • ' 
/fi?:-;=:;.v/ /^^ or unsubsthuted cydo-. 

•:' • ^" ■ / A'- Ira covaient bridging 

/ IS, ; V ^ groupvcontainiri^ L is an olefin, 

■'^^•V'* ' ' ngand;.X^ and X2 are,. 

^ '^h ^^P^"^^"^]/, selected fironi. the Group consi sting of • 

'"^///'^^^^^^ having froa I to 

c:" I ;.^^0M.t;26 caVbon atons.- substitiitdd-bydrocarbyl radicals,. 
; :;7 ;wh?^^^ or rnore bf the-hydrogen atoms are replaced with 
'^V:. ^^•v?^'?^^^?^?^ atom, having from i to about 20 carbon atoms. 
/22::\/ ; . V orgaJitHnetalloid; a Group IV-A elerajent 

>^ C: ^^^^^^^^ •^^^'^^f ' hydrdcarby 1 ; substituents contained Vti 
^^5:' 'f:;:::v.. / •;v.!^^?:^^9ano portion of said brgano-metal loid. 

\...V'i'?^^P^ 20 carbon atoms and 

f r V ^ *^M^!^e;. X! ^ and ire. joined; arid bound to the 
V,/; : . which the metal. 

.0;^ ; -^X^i^and^^^ a hydrpcarbocyc lie Ting containing 

? v^- ^PfO-fbout a-to aboot 20 carbon -atoms; and R is a ' 
; • V;.J'S!jbs^^^ haying 
■*>?^ V one* of the 

V ; also bound- to the metal.;. 

;V^33r.>V'\ ■. ..; 

:;^34 ;^Eac^^^^ may be. • 

i^^'- ;;inde^ena^Otly;-^^^^ ^he -same or a- . " 

> ^ -^^^^^"^^V^^^ of hydrocarbyf - 

^^7, ;;n^^^ one or more . 
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■ ■ ;^ "fiydrdgeh is replaced ;by- a Mlogen atom, hydrocarbyV- • 
. ' '2? ' /substUuted' metalloid' radiu the metal loid 1s- selected 

•:';';'3 ^from Group JV-A;of . the IPeriddK tab 1^^ the Elements, halogen 
• Radicals and. and substituted- 
,;;;;5 v hydrocarbyj radicals which. i^^^^ at" least one 

■v;\6/;.^. '|^^^^^ In the cyclbpentadlehyi radical will contain .from' I 

:f ; to'. about: 20^^ c ahd^.lnclude straight and branched alKyl 

: \;radi«lsy cycll^^^^ alKyl-substUuted cyclic 

.: . 9 hydrocarbon radicalV, ar6a»tic;.r and alkyl-substltuted. 

vr io; ..'Vqniatlc.T^a^ and vheh Xi and/or is a 

\ li . * hydrocarbyl;or.substUuted-hy^^^ radical , each, may, 

'^12 * v Vndependehil^^^^^^^ f tb about. 20 carbon atoms and 'be. a 

: 13 //stralight or. br aikyl. radial, a cyclk hyd^^ radical, : 
" H ^ radical, an aromatlc 

•.•:15 *. . radical' of an jalkyJ-substltuted'V^^ Suitable 
• 16 •organo-metailoid radicals include mono-;- dU and trVsubstituted 
. 17. organo-metaTlpId radicals or ^ elements wherein each of . 

•: 18 .the hydrocarbyj Groups. contains !fro^^ about 20 carbon atoms. 
, • 19. Suitable. prgano-meVailoid radicals loctude tHmethylsilyl,. tri- 
;-:.20^ • ethyl si.lylv ethyid^^ trlphenyl-^ 
. .;"21y •germyl'V. trimethylgermyl.-^ 

. 22;^■• • Illustrative; biit not limiting examples of bisCcyclo-* 

: 23... ;; .pentadienyl)2ircon1um^c^^ which may be .used in the 

24 .. preparation of; the- Improved cata of this Invention are. 
.25; . dlhyirdcarb^^^ bis(cyctope.ntad1ehyi)z1rcon1um" compounds 

Zi . such :'a's -bis ( 

p -.".J b1 s*( eye 1 open tadi ehyi );iz1 rconiur dl ethyl, bi s^tyc lopentadi enyl ) 

28 . zirconium d1 propyl,; b.1s(cycTopentad1ehyl.)2lrcohium dibutyl, . 

29 . • bi sUyclpp^ntadle^l )z1 rcpni iini; dlpjjeriy b1 s(cyclop*entadi ehyl ) 
■ . ;.30 . j1 rcpniium/d i neppen tyl . :bj s (cycTopentadI enyl ) z1 rconi uiii d1 (ro-t.pl yl) 
. 31- • bisCcyciopen'tadi^^^^^ and the llke: * 

.32 (mohohydrocarbyl-substituted cycl^^^^^ compounds 
. 33 . such ai.. (methy.kyc).op^^ 

•34 ■ . b1 sCihethy.l cyclppentidi enyl ^zirconium "dl me^^^^ , (ethyl cyclo- . 
. •35' ; ■■ p:ehtadienyl>(^^^^ ./ * 

. 36-V zlrcohi.ura dimethyl, Xprb^^^ -^^^ 

37 b.i.5(pt^^ » (n-butyicydb- 



■ : \. ^^yS'ope.'ltadlenylKcyclope.nft b.isCcyclohexylnibthyicycioT- 
. :..5-;\ /.pentadlenyi^zlrcpMM dl.nietKyU Ibenzylcycl^ • . 

6;: • .(cyclopentadie^^ bjstbeittyicjreibpentadieny 

• a ..; : b.i.$(d|.ph?'nylfflethylcycj^^ 

, . •.ii. :;;.(cyclopeHtadiM and bl$.(ethylcyc|opentad^ >2i rconlu/n' ■. 

^t^^^^^^^^m^^ enyl); and" . . • j 

• : l3 :"' bl${pVoi)ylcyc)oper^^^^ (n^butykyclo.- •. 

;i5 . .. zirconium d j hydride, (t^butylcyclopeiita^^^^^^^ , 
16 . >d:^]l5(t-but^ .. ■ 

•17': .(cydohexyliiiet^^^^^ 

18 . ■bisCcyc^^^^^^ „ . 

•19 , (benzylcycb^ and bis(benzyl*- 

20; ;;%.lopentadUnyl)z}rcon^ 
,• 21 P.ef>.^iaienyr>^cyu 
,22 <(«enjr1?zlrcqntun d^ 

■ 23: -...iubstltute^^^^^ ^tjch^i 
:;2<- .tdlniethylcy^^^ 

25;:.penfad|epyl)^^^^^ ■■ 

26 (ciclbpentadlen^^ • 

, , " , ''??'?*''y^-'. (tefranethylcycVopMtadien enyi) - aHd ' • ' 

/28 . ■■b.j.Kt.etr% . • • 

29: . .;(pe:niethyl^ and bistperinethyl- ■ : 

.30 -ci^iopen^^^^^ 

. 31 df enyJ KcycIppefl^^^^ anil bis (ethyl tetrimeihy^ .. 

■'^S^^j^S^'^ fl'^^thyr. cinjdenyU 
.33 . .?1r^on1uin"dVBethyl .-^ CdlBethyl^yciipentadl • 

■ -.; ^'f rtpni uiS. di hydride t-" • 

.: .!fri"?*''^^*^y'.''?P«"**<'.!«.''>^ biiafifliethyl-. 
.;35. ••.cycjppeii^^ - 

;zr N'#enyij:;(cycl'ope^ • •: ■ 



1 .j,>'V" dimethyl, 
! y: v'v;:; .^nd.bis(trU- 

; 4 0; . ; ; . ^ ; • 

:/ le; :" .blsCtrlmethyisllylcy^ 

• ; ■• . : ^^S^ • ^^.s tfiirae thyi germyl cycloperrtadj eny 1 iz\ rbbhi um di hydride , ••• 

. • J . ;';;;:.2^.)...bVsi:tr1methyh • ■ - • 

.J :;!oVv?l^\: f^?;|roethyipVumby^ and\. V- • 

^/: . - difiydride ^nd the 

; \ ;( halogen- 

* :■ ^-such;a^;(trjf.]u^ ^nd • ■ 

* .•. ^ ' -i;^ • dlhydride and the ' 

r/*: V- "V^^^i-ZMf^^^ an^: the 'lilce: -." ' ' ' . 

V: '^^^ ^thyleni--. • " 

'/ .^ . ;::^>^5(cyc'lt)pentsd^^ , dlWthyls1-l!yr;. • ; ^A 



\ : biy cyclopentadienylizlrcon 
■ --'p.; 1enyl)zrr(;oniu^ bis(tyclppentadlenyl)zircon1ura 

: ,. 3 .d;hydri'(je;.a^ bis(cyclopentad1enyl)2Vrcon1ura 
^■y. "4:;- -cljhydH^e.ahl^t^^ 

5 , penta^^^ enyl ) ■ zircdnacycibb^^^^^^ enyl J 

^Ircbnacyctopen the . 

^.'.^i ; : ^^^«^^-eny|^ such as. bisCcycIdpentadie^^^^^^ 

• : <!..3^by|^^(itene)irrconi^^ 

V. * butadiene)^ bfs(pentkethylcyciop'entad1en^^ 

. ■ ^v :- . 2^ ^conl yo ;and .:the ) (hydri de) tiiCcyclopenta-;. ' :: 

• .12 ••; \ d1e^^^^^^^ 

S .^^ir^^^^"^^^^'^^^-^^ bisCpentamethylcyi:!^ • 

- V:''^^:-V^^^yJizUw^^^ and -the like;: and- bis ceyci^^ • 

• -.viV / 'peotadl^^^^^^^ a substUberit oh- the " ' 

.16. • - ■cyclop^adUnyl' r^^ the raetal iuc^^ 

^ .17 -<Penta^eth*ylcyclopentidi^nyi;^ 

• : :^5^^"! hydride i; .(pe^htaiBethylcycI opentadl^ 

■•./.19, :• .pentadlenylmethylene) zirc^^^^ ahd'the'lVke;; * - 

' ^V. ^Alilrollar llst of^ - 

. 21 • h^fniura ind.bisCcK^ coriipouiidi' could. be made. * 

> •1^'^^: f^"5^:*!5e: list identical tO; tbat,a1r^^ 

/?3. ■ presenied With respe;:it-to;bU^^^ 
; • 24 : , _ suth. i i ^ts ;aLre .not deec^d ' Msentttl to V cpinp^l etV d1 sclosurie : \ 
^ ^yy^^^' ^^^^^ ' 
26 : ... liehtadi enyl )hafn1uin corapdurid^ and bl s(cyclopentadVM^^^ 
•27 ' ■ 'cprapptihjJs.to^^ . 
28. . -z^^^^^ 

; ■ .29. . .thereforey be *:reducef byrthesVcoiib^^^^ ' p'tfier ,b1 s^cyclopenti-- • 
^^ : 30; /(fUn^l)h^fniuiD compos ajvd bther ^bis(tycldpentkdlehyi)tUaniuiD- ■ ; 
^.A..^^ ;f;5°^^y'^^^ ^;^>eU;^as:pther bisCcycl^ 

• 'V^^.-^! ^-.-l '-^^ couf^eV bVi^^ ski lied; iff: the irt^ . 
•'■'--(^ '.^W^ the. preparation^ 

35;.-^ r of::th^:catal)^ eatjohi; - which U \ 

^y}^ :^.:'^}^^ >nct-a cpnipatible ;, 



i ;. I : -^Z ; " : relatively iargei' capable of Istabi 1 |?ing. the ;active a C .• 

.. •'•'O.v-f • ..• sR.ecies:vh!ch:ls-f^^ a"re/c6sib1hed and - • ' .> .;. 

, 4; y .sald anion'* will *b8: sufflcVently.:la^^ to displaced- by .dienhic» ' 
. ;. ' • V • • '•■ ti^ol'ef^Mc arid "aieiylenlcal^^ unsaturated substraV^^ * 'V ■ 

i :i 6. -ne^utral ; Lewi si 

y;^-; ^:7;.:y-;generaU compound useful ".In the-^^ ■ ' 

'.V\^atalysts of this 'Jnyent1pn:may:be a^^^ 

I .•: •; '.' ^ 
I ■ '::' l'y'^:[/'-''-lV/:' Wherein:'-;;: v"-;-"^^ |' '^^ ^- ' ^l/'i ..; " 

! . ' ■ ; l^/-H-"!s. either;H/V a substltuted' aiiOToniuai- • ' 

j v . ..-il ' cation. fia^^ up to.S hydrogen atoms r^^^^ 

I 1^ ■ hydrod^^ ■ 

[ } - ■' ' IS. ; ' atoms or, a substituted-hydroca^ radical wherein one or - • 

• : 16.;. T ■. core .of/thef hydrogen :at6ms .'ls^ 

' '17 'containing. fr^^^^ 

'•\-'::'}^^ ' radjcalsV'Sbb^^ havlng.up 'to 3 • 

hydrogen .atoms replaced with a . hydroca^ 
containing from I to about 20 carbon atoos; or. a. * ... • 
. subitituted-hydrocarbyl radic . ' . ■ 

hyfJrogeii atpflis is replaced'^'b/ 'a 7>aiogea^^ \ 
from ,t to about '20. carbon .atoms' and ' thej ike; .B.'and C .are, • 
. . respectively , .bbron;and,^c^ X... XV:aji(i.,x; ' are radi cals 

-selected, .vindependent^^^^^ from^the; Group. con : 
. hydride Va^id^^^^^^^^ v. ' • • . .. " \ 

''.] cbnta|n1.ng.-froffl;^-^^t^^^ : .• ^ • 

. substltuted-hydrqcarbyl *ra^ wherfilVone-or 

the hydrogen atoms is .replaced by a halogen .atom, ^ ' 
"■\containlng .from 1 to about 20 ■carbpa^^^^^ y y.': 

."- metal ioid radicals wherein eaciTt/'hydrbcarbyi;.^ 
• - fn -the.prgano. port^^ 20 carbon--'.- /!' 

. atpnis and " said . meta V Is. sej ected - f irom- Group VIV-A'Pf. the ' ■ • ■"■ : V . , . • 
-. Per fod.it Table; 6r and^thV -1^^^^ • ■ 

.Integers* ^ pi. c if -^^^^^^^ 'i/' ^/'-'y./-/ 

even-numbered. Integer fr^^^^ to. about fi^'and^ *-.,'* * 

= ■•integer'.rahging/rora'S to 22^ ' •'-■ "•V.^.- ■ • '^ 'S'^^'-"^' 




, v ..' ; /;-\-.;2,iy : 

\- ■ ' ■;22.V- ; ; . 

• ■ A^ -:^y^ v24 ; j:r'v ' V" 
' ■• ^ ' C*. ' 



j : * :'*:Whei^in:-v.:* *^ ; r.;;,:'. • ; ' * 

I *■ '.^^ ^^'/^ ■■ V^7W^:^veitter.H*^ amoniura oir iiubsti^ : " *» 

' • a^utZO carbon- , * ' 

i ."itoniy.or'i.^^^^^ .radical wherein 

contaWhg^ffom.tvtp a^ 20fcarboiv ^tonis^-^' phQ •* 
V'' '^V .C: i^^": t y^^V^a .?ubsti^ted-^^ hkylhg.up to ^3' • ■ 

• > ; ' cpnjM nihg. f roo ; I to. about; 26;xarbbnvat6ai^6r.-i"'^ v ' * *y 

; ^v.; J-N h^^r^gert -ato^^^^^ by :a;halbgen atora/ cdntaining:, * " 

: ' I-,:; ; j-^i^^-l ;to-.afc|o^^ ?P^carbbn;ato|i^;and H:ai)d ^-.^r. 

: ■■' "'^'^^V'^^f^^^^^fiV.fb^^^ 

3*".; ^ ■ 

V * . \ i . ■ . I : ^'"^'^ .V^'^^^^^^^i^^a - V ; • ■ 

V"^; ".^ ; /!replaced-.by'a-^^^ abmrcohta1nlrig;frcm,l; to • 
^:.= -^/^ ^ I '^^rbon- atbrosV orgai^ each V - - ' : v V - ^ 

• '^ V^^ V Vhydrpcarbyl -^^ y:^'^ ^- 

■ ^"^^^^^^^^^^o^^ i^on^^ carbon; : ■ :■ 

.".^ : fwrV' • " ^^^^ .oetal is- SjBlected Trom Croup^^^ Periodic 
ll ;': ; . ^K^"*^^^.-^^ ^ ,; '^abie;:orthe;EtHn^^ and- v' are the ianeV ' 

' ■ ..•'• VV' - V^' j •'■■K.r'-i^'^:^* ''^:^ even^iumbered- Integer from -f B; '' ^Z-. 

: ;!'.*.:'';:*^^. ■ -ZZ:^ ;^s<an Integef frorf to about J2;\h.;1s an int^^ ■ V . r/^ 

;; • / V"-:VO*'>^?-^ 'i-^ • -and' d -isf ,aii' Integer'. >:'ll:\:. Z-- ^ ' ' 
^i.'Y^^^-.-^; ^ ^'■'•^■■Iliustx^ •lioiting;^exainplel of 

• •: ;'^:.^^/-.vC^^^ used as at secpnd;:c^)6 . . i-'-'^-^V'*.^' 



■ .l. y' cabbrate/l;p^ l-carbado&ecaborat^ • 

• V; 'V '.\ • 2 - ' J-carbadodecab6rate» (nTbutyl)M v/- 'V 

i "/ 3 -.^ anHlniunj' l-carbidodecal^drate",. a • 

i ' j-carbaibdecabprat^ vV 

■ ■;■* :;.•■ 5 •. anraonluo'sat^^^^^^ Ipcarbadbiecaborate; • V- ' • v 

j • ■ i" "6 ;■■ /diethyl aiOTonl^^^^^ . ;• - v ' ; 

\ . ,\' "7' .J.-cairba"dodecaboratei dJ^^ o ; -1 

i •• " -8 , <JUn-buty1^ X V- T/rv ■ 

; • ..••.;. ?;:..:: |-carbadbdecab6.rate;. d.i(p-tqJyl)aiDbohtuia\l-^^^ "W'-t--^' : ^ 

• ^ ..-..jo '. •thvi^e; :tr^^ ' "/.•^ 

\v-.^\v:.l?: -i-car^^odecaborate/ trf^ '""•^ 

; :>C-. triCnrbb^ 

./ .'"i^-. •.•l-catbadbdecabor^^^ : r^,^ 

■;M5 N,Ni.dimethylahiU^ 

' ;V , -lis ' l-carbadbdecabd^ . . .. ■*■■•.'' Vv'. 

• \ . /S. I] us trativeVvbut^ 

/•. ' ' ^v *;;18 coinpoundf *co^^^ to Fbrtcula 5 ;[uskig .tri(n-butyl)ainib 

• • an ■^l^ust^a^^, -fe jthe^anlonr llistVd;/^^^^ -/ 

: - ■ v/ zv . -^^^^^^^^^^^^^ 

21 • iiphabora'te;/;b1s^ • • . 

. • fZ/. /bisitHCfirbutyUa^ .-■ . . ; 

.23 : dodecaborat^^ 

' ' bh[bi(n-butylia^ - * = V..'" 'r\: . 

' .-.v :../25 *. tri*(h;^butyl)aB^ ' ; •.":■••]■ 

; * V ^26 1-carbauhdeca>oriitie;^ 

\. • * ;^ ; ^27 . tr1(h-butyl)iiiBiidn!(S . , ... . ; ; ; • 

': , 28 tri(h-butyl)ainmoriium'.d^ the like;; f. " '^■^• '^y 

■■< Z9^ borane;.and cairbd^^^ 
\- y: •30' ./anibni s^^ / ^ " : ./V..) 

-31'. ;^2^7-dicafb4unde^a^^ . :^ /V • 

•s*. ^32/;;dlcarbaundew • - 

: . j; ' 33"y. cirbtiundecabora^ . 

V . . ; ; . trlCnTbutyOantnibXVura Ma/badew^^^ • 

y. 'y . 'y -'l 35- ■-'Ts-carbauhdeicaborat^^^^^^^ > : 

/ 'r-^v 36;. . caborate(i2)y trf (rv-butyliamnoni^^^ : 'r 



i \* caborate'; tfkn-^butyiyacmbnVum.und^ ; v • 

; '2 ■ . •T.Q-dicarbauridecabdfate, VH/^^^tyi/ajnaibniu^^ : ■ • : • 

• ;* .3 ."S-butyl-ljS-dlcarbauridecabor^^^^ ' 

. . 5- . ' undecahydHdo^9^^^^^ . " 

■ '. y } ....irUh-|)utyl)"aOT0on1UD 

.;7 'iay .the .Mke;-Vb^^^^ " ■ ^*;-/;V: , 

• "./^S;- /'.carbpr^nts^ \, 

■ 9 bofahe(13li:-6.,9^U /;'; ;; 

" lo ''' phenyl -i;3;xJ|carb^ dbdecahyiiriij^ -. -^ v.:..;. 

:' •:. 11- ■ dicarbinonabom 

• -12 borarie- wd':the/like;A^ • V-i::'-:'*/-- *"* :| 
' 13.. ,/\ ■;. 'J}^\i}iT^\yeifiui^:^V^ 
14 ; conpounds- 'corresponding, t^^^^ • . v*;- 

iS: an lnu5trative;:but.npt j 
16'. beldwl.are salts ;of metal lacar^^ 

17'. as ;trUn-butyl)anHnon1uiD bVs(no^^^ ^ ■ . 

18 * cdbaltateCnn. triCn-b 

19. dicarbaundecaborato) ferrate^ b!s(undeca- • 

=20 hydrido.7i8rdic^^^^ r J ' 

21. • ammoniuni b1s(undedhy(irTdp^7i8-^ hickieiatecifn*),-'." 
: 22; tri.(n-butyi)'ajinTionium bisCundea^^ 
23 cuprate(III)y trU^^^ 
• ; ; /; ; . .24^ ^ Saundecabif^^ 

2S 7;8-d1iBethyl^7i8-dica^^^ 
/ .26 ajiffnoniym blsCn^ . " 

• ' ■ 27 chromate(III)v";t^^ 

vj -28: .7.i3-dicarbauhdecabon^ ; ;; y / 

29. 'blstdpdec.ahydridddici^^^^^^^ ' •.■•- 

... 30" bh[trUfi-butyl)ajnrnoniuih^ -.i ' ;./:Vr>-. 

; V .;:;31: nlciielat^an^/tristtTU - r ^" ' 

. 32 carbaundecaboritoichroM^^ 
:y " ■>v''" /;33> -bisCufidecahydrid^ r'-; :'''':;:.^..;/' 

• ■. Ws;[tri(n-butyi)ai^ V':-/ l'V'h'>:: ': 

■:; : ; 35 " co^ltateail),. blsCtrUn^^^ " 

' 36; cafbaunaecabqrato)n|c^^ V/i: 
■■; • •• 37 \r^Preseritat1.ye ;ph6sphom '\\'' v<- ' 
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1 ' 11 lustratl'ye. second MinpoundVi-but for the sak^,pr.brey1 is ' . 

2 • simply, noted, that * the phosphoniyra and subUi tuted-^ 'sal ts' 
3: * . corresponding, to the Vi s ted "ainmonium and. subs tit^ f^^.^.^: 
4 could be used.as second corepounds in. the present "Invention^ 

' 5 . • ■ ■ . ' In. general i iand vhlle.^^^ ciinpbnentsj'identlf^^^^^^^ 
• .6' ; above, may be- coinbi'nedvlth. cist's^ above;*' 
. 7 to produce an active olefin >oly^^^ / V . 

; .8 ; important to. continued polyi^^^ 
' i".nitlaily .fbnn.ed ffletal^^ 
10 a relativeiy. stable 6lrfibr.M is:>iso; 
'■\ 11 important- that ' the anion .of the*' second.' compoyhd;.be/S tabl e .^^^^^^^^ • / ' . 
; 12 : hydrolysis -vhen ari ajnmoniura: salt .uied.;'>Fufther,. it is iroportaiit 
13 •.; that the. acidity of thef second coniporient-be sufficient/ reVaH^^^^ 
14. . the-firstv to f acilltate. the' needed p^ . 

15 . the basici ty o^the inetai -bmislex sufficient. :to ';^' "Xr 

16 facilitate the. needed. proton transfer.:' Certain metal Idcer^^^^^^ 

17 compounds— using bis(pentamethyrcyclopentad1enyi)hafn.ium^^^^^ 

18; as an 11:lustrati;ve, .but.;not^^ resistant , to ■ ■• • 

'19 reaction with a.i l: but thV.stironges^ and. thus are not 

•20' suitable- as first component to ifbiTiVthe-ca^^^ described-, 
21. herein; , In. general / bis(cycldpenUd.i'enyU^^ compounds which can 
22' be hydrolyzed by .aqueous solutionrcah be -w^^^ 

23 '.first vC'onip'onents.to'.fori.th^^ herein^: . 

24:. . ... 'With respect to the cpmblnition of.'the desired cation ^^^^^^ 
ZS the s.tab i;li zing anion .to./f^^^ the present 

.26' invention,, it shpuid. be rtote^^^^^^ compdunds. .cpmbi n^^^ 

• 27"- preparation of the active catal.ys.t :must -be 'selected so-as to ensure • 

-.28 dlspiademeht of . the. anion .By;^^^^ \ 

; . 29 .. . base; .This .could be. done by steric'hihdrance, .resulting. frorn^^^ 
3d si/bstitutlons oh - the ^cyciopentadi^nyl .carb^ >eli^^as..:frdni 

:3i " . 'substitutions' dn the anion i tsel.f VThe; Use .of perh^drbcarby^^^ * . 

32 . ■ substituted cyclope.ntadienyt ro P^^^y}. second ; ; : 

;33 ;. .components does npt ^generally prevent-.the desire 
.34:/ in :fact-; generally yields niore^:iabiiey^^ follow!|l^-rten^ 
35 ttiat Wtar;.c6rRpounds; (fl 

3^ . . siibstitut^jd'cycrc^^ ^^^^^^^^^[^^^^ 

ii \ ' .with-i wider -rah^^ of- iecbnd.. cbropounds thah^cd^^ metai. compounds jv- 
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■ / ' • ' ' - ' '\ V • 

.1 • (first componehtsrccnprVsing'uns'ubstVt^^ 

Z' . radicals. In fact, first corapbunds^^oraprisjng/perhy^^^^ 

• 3. substituted- cyclopentadienyl; radica,li;wquld;'^enera1jyi; .be^ ^r^^: 
\'.4 effettive when used in combination vith. second cbnipone'nts having, - : 

■5 • both"' larger and smaller anions. As:'the 2un6unt:and^^ 

;.6 subs ti tutiohs on the .cyclopen^aj enyl . rtdical s are redutedi ^ . ' 

• .7; howeverVfflpfe effective. ^^^^^ ar^e obtained with /seconf 
. 8 • ..comppunds. contain Varger;Mlons/ such as .those:'en6^^^ 

• 9 ' Equation ^ above and. those likying larger n ValueViin'Eq^^^^^ 

■ 10 ; ■ In: these cases, it Is further preferable that. in ;usihg'. second . V/ 

11 cprhjpbunds which" are encotnpassed "byl Equation- SV 'a +..b.:^;c^i- i.t-; 

• 12 Second compound's/ in- which a ^ b. t c -^.even-numbered. Inte^ers;^^^^^^^^^^ 

13 or. more have acidic .BTH-B.ffidieties .which can react •fui.ther withVthi 

■14' metal catjon forraW. leading-, to 

15 In general; the.. catalyst can ibe prepared b^ 

15 two components in a suitable .solvent at ^'a. temperature withln'the - 

17 r^nge frpni about -lOO'C to about 300'C. The: catalyst niay:be: tfied'- • 

18 • to pblymeriie a-oleflhs. and acetyl en Ically unsaturatedVioohofe^ 

19 having from .'two to about'eightee'n . carbon atoms , and dloleflns -haiing. 

20 from four to. about eighteen; carbon/atoms; either alone or livi: v . ■"• 
21. combination. The catalyst may i^^^^^ . • - > 

* 22 a-6lef1ns, diolef ins and/or acetyl enically/urisatuf a 

23 • • in combination with other (insaturatiBd monomers.. In general iVthe 

24 . polymerization Wi 1 1 be accorapi Ished at cphdi tion.s. wel 1 known>in(th^ 
'25 prior art for- .the polyroerizatioh of .monomers of this type./ It' . 

. 26 H • Of. course; .be- appreci ated thit . the catalyst system; wi 1.1 .-fpra 

27 in situ if the cohipohents ther^^^^ to the ; 

28 polymerization, process and.a suitable: Solvent or diluent: ir. us e^^^ 

29 . sald /pplianerlzation process - ^t is, however.! preferredv to:. form 
30- • the citalysi..in-a\5eparate >^ 

"'31. . polymerization step: fele.the dp':ript conti1n;pyrb^^^^ 

32 y species, .the. catalyst componentriare^ 

33.. pxygen and- should^ be. handled arid; transferred in. an" inert itmpsphere.. 

.34 • :su^fi;- as nitrogen, arg^^^ ^ . ■ "V-'- / ^ 

35: ' : As: Indicated ^supra,: the it^^^^^^ cktiiyst of ^the •present: 

36 invention:)^!] .. general ly;;^^b^ suitabl.e' soWeht or ' " • 

37- .diluent. SuUable solvents: or ililyents: Include^any ^^fhe-'soiVents.; 
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1 .known in the prior art .to:^ useful 'as solvents ln ihV:V: '.^ 

2 po])men2ation of olefins; "Sultabie "solvents-,: then; Ihciude,: bUt;:^^ 
■3 . are not ""necessari ly liinlted, to,- straight and. "branched-chai^ 

4" hydrocarbons such as isobutanei butane; pentane,"hexane; heptari^ 
■5- octanie' arid, thf like/ cyclic- and; allcyclic hydrocarbons such as / / 
6 . cydohexane, cycloheptane, fflethylcyclohexane; isethyicycloheptane \ 

: 7 -.and tlie liKe and afomatU. a/id. alkyl.substUated i 

■ 8 such as benzenev. tolueneV ;xylene .an^^ 
9 ... al so ' f nc 1 ude- bas i c sol vents' hot'..here tof ore us.ef ul :as '• jip] yraeri zat ion. 
10*- 'solvents when. convention^l'ZiegrerTNatU typKpdiyiieriXaU^^ 
11 ■ .catalysts are. used such as chlbf.ofaenzene; dichlorora^^^ 
iZ propyl- cMoride; ' .\}..' :•;■> •■ ..-.v;'. ;' 

13 ^ , Hhlle the .inventors, do not wish to; be. bound .by- any . ..v" ; . 

14 particular, theory i It is. believed/'t^ 

15- to prepare the improved caUlysts of,..the presentjnvention are.^^" .V^ 
16* combined In a suitable 'solvent or diluent, ajV-or a- part of the 

17 cation of. the seconf cprapbund (the proton) coml?ihe$>1th;one of the 

18 • siibstituents 6"n-the metal-cbntii.ning (f1rsty'.co^^iponeht^^;^^^^^^^^ 

19 case where tlie first.compbnent has a foroiuli corresponding- to that. . 

20 • of general formula i suprai'.a.n^ comppuni is liberated which. ' 

21 either remains, in soliitVori or is .liberal gas.. -In; this 

22 . regard, it should 'be .noted .that- if the cation, of * the Vi^cinil^^ O^^ ..t- . 

23 . compound' is a proton and.: eVthenXj or X^. In the.bietal . • 

24 . containing (first) cpmpbund.is.a hydride, hydrogen .gas fflay/ie." ; 
25- . liberated. Similarly, if : the cation of the second compound Is a . :" 

26 proton^'and either dr'X^ is a methyl. radlaK;^^^^^^ / . 

27 liberated as a gas.: In th^ w^ f1ri5t c6m(>onenf U 

28 . fornjula corresponding to; those of - gene^ 4y;:one^-. - / 

29 ■ of :the substitiients on tlie :netal-containing (first)' c^ 

30 ...protonated- but, - in' general;! is •.liberated from the 
31. 'metal .; .It is..prefVrred "thit-the^^^^^ 

32". -component to .second cpiiipbh.ent. cat io .l :l. pr;.greater^:.! 7^ * 

33-; '. conjugate base of -the! cation; of^the-secohd^^^ ;if^s^ich; a * 

34' portion does- remainv ^wili be^a..ne^^^^^^ cooipound .yhich Wi^ 

35 • In solution or- corop.i ex with-. t|ie^ metal 'cation . form.ed.^^though;^^^^^^ 

36 :'. genefaiv a cation" is -chosen .such;that any binding* of the hetitral;;;/; 

37 conjugate base. to. be. metal .cation wilV be weak or nonexi^^^^^^ 
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I ■ Thus, as the sterlc bulk Of " thiV conjugated l^^^^^ ' r, 
Z ' will, simply, remain'ih- solution, without Interfering ^'v^^ the: r-- 

3 • active catalyst. For exajiiple, \ f the; cation of the second ;'cjDEpourid^ 

4 is an anaaoniuo ion, this Ion will liberate a hydrogen atom which, ; 

5 • may then react as .in the.case when. the*hydrogen :abin;.ias^ 

6 to form gaseous hydrogen,; Biethane or the liKe.an^ the:.conjugate- . • 

■ 77... base of. the cation will be ajumoniia. . In, like fashioK.if the 'cation* 
•8V of the\seccnd- compound. were a hydrocarbyl-substituted araioniuo- ion 
9^ containing at least one hydrogen: a'too,- as . 1^^ ^ 

.ID'* present invention,* the hydrogen- aton vould'be.gWen up. to react ^ 

II . the same fashion as when. . Hydrbgen . were the- cation and.. the conjugate 
12 ■ base of the cation would be an- aiiainey • Further, .if .^e. ca^ion. of 

* 13. . the second compound were a; hydfocarbyl-^^^^ 

14. containing at least one proton , as. is:essential to. the -present : 
15 . invention, the. conjugate, base of the cation would be^phosph|n^ 
• 16 While still hot wishing to be bound by:any. particular • . 

17 • ' theory, it is also believed that when the inetal containing (first) 

18 . component hasYeacted .with;the second coiiponent,* the.nori^^ :\ 

19 cbordlnating. anion originally contained in the second xorapound used 
. 20 . in the catalyst .preparation; combines with and stabflizes either the 

21 . metal cation, formally having a wordinatioa number of 3 and a +4; - 
ZZ valence,, or a decompositiori.product thereof. The cation and /anion; 

23 will remain so cbrabined untiV the catalyst is coht^^cted .with.o^^^ 

24 . mbre olefins, diplefins and^r acetyl enically . unsaturated; m^^^ 

25 either alone or in- cbmbihation with one or more other nkihomeVsy As. 
26- .indicated supra, the anibn contained. in .the.second com'pb^^^ 

27 ''sufficiently labile to peril t- rapid- displacement by a^^^ 

■ ; 28 diolefin-of. an acetyl.en.ically unsaturated roononiertb fadliUt.e;.. . . 

29. pblyraerizatibn; , , * '.; *. . ..:.*.*.• ■.■•;/•. •..'.• V' 

30 As indicated supra,. iost first cbmp^^^^ 

. 31".. Will combine wUh most secbhd tompounds* identified ^^^^^^^^ 

.. 32 ah active catalyst.'particularly an active: 'polymeriz^iq 

•v 33. ;catalyst.; The actual active catalyst specie^^is:not,;h^^^ 

. 34. alwaiysl sufiFiciehtly st^^^^^ to perinU its separatibn^'j^^^^ 

35 *. . subsequent: idehtificaiidV.; Moreover,. and while many o^t^^^^ 

• 36." 1nitial;.metal .cationis are- relatively stableV.it:has .b;ec(ip^ 
37 .* T.tha.t the initially formed nietai .cation may decbrapos'e yi eTdihg- 

3: 
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* 1 either an active poiymeriiation catalyst species or a catalytically': 

2 inactive species. Host decoroposition products are, hoveyer, , 

3 • catalytically active.' While the inventors still dp noVyish ^to.be•• 
; 4 . bound by any particular theory, it is believed that the. active* • 

5 . catalyst species which' have n6t\bMn isolated^ 

6 idecomposition products, are of the sacie type' at those which have* .. ••; 
" 7* • been isolated and fully characterized or at least rehin the^^^^^^^^ 

8. essential structure required for functibnfng'as a ca^^^ iuch as-; " 

9 a reactive inetal-carbon bond. • *• " — 

10 ■ ' While still nbt.ifishing to be'-bbun^ 

n theory and as Indicated- supra. It is also beiiiBved that* the extent ;: 

12 and. nature of the^.substltution on'the'cyclopentad^ 

13 . dictates the size, of the stabilizing anion needed to generate -a ' 

. .If particularly active: olefin .poly^^ catalyst. . In this; v. ■ 

15 regard, it is bell eyed, that -as the nuiDber.of.substitu'ehts on the' . :. 

16 cydopentadienyl radical in the roetallocene cation are decreased. " 
17. from 5 to 0, a given anion will become increasingly less Jab.lle;. 
.18 . Thus,, it is suggested that as the number of' subsHtuenVt 

.19 cydopentadienyl radical ..in the iiietaliocehe' cation ;are reduced .from." 

20- 5. to 0, larger or less reactive anions should be used .to ensure 

21- lability and allow for. the generation of a particularly.actiye / •. 
. 22 catalyst species. .* ' ' 

.. 23' Consistent with the foregoing, stable, Isbla.ble, , . . 

24 . characterizible:olefin poiynierization catalysts have been prepared 

.25 when bis(permethylcyclopentadienyl)zircon1um dimethyl has been; 

.- .26 combined with- and reacted with tr1(n-butyl)aiiBn6niun. 

• .27... 7,'iB-dicarbaundecaborate(12) or 7,8-dicarbauhdetabbr^^ 
. 28' .". stable, isoiablei olefin poiynierization catalyst has. also been - 

.29 . prepared when bisCethyltetramethylcyclopentadienyiyzirconiu^^^ 

... 30 ; dimethyl has been combined with 7,8-dlcarbaundecab.brane(l3^^ Ip ; 5 - 

•.*31' each.-.of these cases; .the stable polymerizatiori, catalyst; was" . 

. 32 prepared. by adding, the^ reactants inW a .suitable soiVent. df di.luent; "^^^ 

•:.33 at a temperature within the range' from* about .|-l6p'C .to abort ■ ' 

*34-. 3do*C. Based on this arid other informationVavai table, to. -th^^ . • 
/ jjj -^. inventors',, it 'appeari clear ifhat isolable andxharactefizab^ 

■ '.36 polymerization catalysts can also be prepared .whenf.a . . ■:/•; • 

.37 bis(perhydro«rbyl -substituted cyciopentadienyUraetal compound 1>:. . / 
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1 corabined.wvth any one or core of the second coiiipounds Identified 

2 above: Also, active,- but unlsoUted poiymerlzatlpn catalysts are ■ 
'3' ; prepared when bis(cyclopentad1enyl)2lrconilra compounds containing ..- 

4 less than five hydrocarbyl -substitutions on each cyclopentadlenyl 

5 radical are reacted with a suitable second coihpdund, within the • 
6-. scope of the present inventlon.cbntalnlng a. cation capable of--' 
7 . donating a proton and ah aril on capable, of stabilizing the; ' 
8: inetallocene. cation. and sufficiently labile to be. displaced by an. 

■ ? olefin, a diolefin or an acetylenlcally unsaturated ibnoffler during 
10' pblyraenzation, particularly those. secoriei cqinpounds. having the. .\. 
: 11. larger anions, . • • , - . .,• 

.'12; • The chemical reactions which occur may ibe repre"sehted by . 

.13.^ reference to the general formula^ set: forth, herein as follows: 

; "W- A. (A-Cp}MXjX2*[L'-H]*[B']" [(A.Cp)HXj.]%']"+H>C^+L' or . 

[(A-Cp)MX2]''CB']%HX^+f: 

.16 B. (A-Cp)!«^'2+tL'-Hl*[B'r C(A-Cp)M{^'^Hf ^ 

[(A-Cp>M^^r^H]*tB']%L?. 

. ;18 .^ C/ tA.Cp)HLttU-H3*^ [(A-Cp)MCLH)3*[B*]:+L* 

19 D.- (Cp)(RCp')HXj+iL*-H]*[B']" -> [(Cp)(HR-Cp*)HX^]*t8'r+t* or ^ 

■.\20 .. [(Cp)(R-Cp*^ - 

. 21 I ; - In the. foregoing reaction equaUons, ."the letters A-D 
'2.2 ■ tbrr« numbers 1-4, respectively, set. forth In "/i 

...23 .combination wlth-the general equations for useful, roetailpcerie . • 
.•• ■'24 ^. compounds . B| .>?pfesents. i compati bl is 1 cin correspondi ng to the • 
:25 \ gerieral formulai outlined In forinul^ 6 aboVe... The reactipH * 
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1 Of each of the four classes of netalloceries with N.M-dioietHyl-- ; 

2 ; aninniuin.b1s(7,8-dicdrbaundecabqrato)cobartate(III) has been- ■ 

3 Vexanined by solution NHR or '^C NMR spectroscopy. In each 

4-' ■ • • 

•5 ■ 



case, products conforming to those outlined; above were observed.'- 
.* in general, the stable/ isolable, catalysts forned-by the/ ' 
■. . '6 method of this invention .may be separated frdin the solvent and 
^ * s^ed for subseqiieht..use. The-'unisolated" catalysts,: however;. 
V. . . Will., generally/ be retained in- solution^ until -ultiffiately'used in - 
; 9 the polynierization of olefins. Alternatively, any of the catalifsts. 
l?;'- . prepareif by the tiiethod. of this invention, ihay be retained in 

* U : solution for subsequent* use or used'di.rectiy after preparation as. a! 
.12 polymerizatloh catalyst"; Moreover-, and as indicated' supra, -the, T • 

* 13 : 'cata.lysts:may be: prepared in situ by passing' the separate* 

.M:. components into 'the polymerization vessel where the components ^wiil. 
15 contacted and react to produce the improved catalyst of this 
. 16 . invention. 

}\. 1;" general, and as indicated supra, the improved catalyst-. 

.18 ; • '.of' this invention will polymerize olefins, dloleflns; and/or 

15- acBtylenlcally unsaturated rnonoaers either a.lone or In combination: 
;:20- with other olefins and/or other unsaturated njonomers at conditions " 

21 well known :in the. prior art for conventional Zlegler-Hatta 
. ;22- catalysis. In the polymerization process of this Irivehtibn, the 
'-23. molecular weight, appears to be a function of both .catalyst 

24 • concentration, polymerization temperature and "pplymerization 
. 25.; pressure; In general, the polymers produced :with the. catalyst of • 

26 this invention, when produced in ah atmosphere free of hydrogen or- . 

27. other chain terminating agents, will contaih/tennlnal unsaturation. / 
.:28 The polymer products produced with the." catalyst "of thisv-..* 

..2.9 .inyehtion Willi of course, be. free of certain trace metals- 
■30 generally found In. polymers produced type . -vi " 
:3i,. catalysti such as aluminum, magnesium, chlbride and. the Tike. *• The* " 
.3? . •polymer products: produced with the catalysts 'of this Invention 
.'•33 should then .have a' broader range of appncations .than polymers- , 
.34 ; piroduced with' mori? coriyentlohal. ZleglieNNatta. type catalysts '■■ • 
35- compriiirig'a metal alkyl, such as an aium'inuo alkyK. 
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• • i - PR^rtRRED-EHBODIHEtiT OF m IHVFHTTnM 
" . -.^^ ^ preferred erabodiment of the present invention. aV 

■ 3 • polymerization catalyst will be prepared by corobining a . •. 
; ;4-. ;/bisU^^ compound of one of the *'Group IV.B metais,- • ' 

. 5 . most preferably a bis(cyclopentad1enyl)z1rconiunj or 
6', . bistcyelopentadienyl)hafn1uni compound, containing tyd Indepencjent.iy ' 
. substftiited or unsubstituted cyclopentadienyl radicals and-.tVo * ' 

■ /a- , lower ^ or two hydrides with one of the fol Towing':; . 

^ • • •.. A.trlsubstituted anandniuia salt of a borane or'v • ' 
10, carborane anion satisfying the general fonn'ul a ' " ' 

■ ^IZ ' . Wherein: * - ■' . " ■ ■;■ . : • 

f» ^"^ " respectively, boron, carbon and hydrdgenVV' 
'"V ^ or " ^5 either 1 pr'2; ax ♦ ■cx:-'2; and! :^ 

' 15 ' bx is' an' integer ranging from lO to 12: 

■ 16 (2)-.. A trisubstituted affjnoni urn salt of a borane of • 
17 carborane anion or a neutral, borane or carborane compound " ' 

; 18 satisfying. the general formula: 

.20 Wherein: / ^y oy . , 

C and H are. respectively., boron, carbon and hydrogen;- " 
/2Z. - ay is an integer frofo 0 to 2; by is ah integer froin 0 V.3;'' 

. ■2y. cy is an integer from 0 to. 3; ay + by + cy « 4; ahd my is r 

24^ an integer from 9 to 18. * . ' . 

•?V . .• ^ trisubstituted ammonium salt. -of a roetallabprane-.pr ' 

•2§. netal.lacarborane anion satisfying the general :formula: 

9v ItE(CH) (BH) .H.J"^^^^ . 
•28; ; khei-eln: * * - ' ' 

' ^^ ' ' ■ ^' 5' " respectively, boron.' carbon, hydrogen^ ;;* 

transition metai; az is :an' integer frora.O tdi;. br.' 'i 
3.1; ■ As an integer f roni 6 to 2; cz is e.lther 2 or 3; • 

. I ^ , I -Integer from S to- jl; az ♦ bz't;ez. ».4;' andW/. : V 

..^^^2 are, respectively, 2 & 2^^ 
' : . ^he trisubstitutions 'fn;the anrobniura cation will* 

35; ; .be th^:iaine or a; different lover alkyl or aryl" radical; By Joier hV^v 
)6 alkyl is.Biearit an alkyl radical containing ^rbm one to four cafbon , . ■ 
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■ r /v atoms;', in. a fijost preferred embodiment of the present Invention " 
'2 wherein' an anion represented- by formula 7 is used, 
I; V bi.stpentam^ dimethyl wi.ll be combined 

-■4 : with\tri'(fvbutyl)amnionium 1-carbaundecaborate to produce i inost ' 

* ,5: -pHferred *c^^ In a roost preferred embodiment of the present * 
:. .6.; fnventfpn. wherei^ an anion represented by Formula 8 is used; 

'".7 • :.' bisitiientaraethyTcyclo'pe^^ dimethyl will be 'coiobined' 

\'8";-'- with.7.87diC^^^ to produce a most preferred 

i ;:• catalyst.. In^ most preferred embodiment of the present invention / 

* /.io;/ wherein, an anion represented by Formula 9 is used, 

* 11: VUCcyclop will be . . • 
I i2-.i:. - combined N;NTdimethylanilinium bi$(7.8-dicarbaundecabbrato)." ;* 

•il coba|Ute(III)^ produce a most preferred catalyst. In.a.;-".' ' * 
. ,Rv preferred embodiment of this invention;, the two components used to 

1*5 •prepare the* cata will be.cornbined at a temperature within the. • • 
.15 rangeyfroin about O'C to about 100*C. The components will be 
•.17 • combined,. preferably, in an aromatic. hydrocarbon solvent, most • 
.18. preferably toluene: Noniinal. holding times within the range from 

19 . .about 10 seconds to about :60 minutes will be sufficient to produce 
: 20;- both", the -preferred and most preferred catalysts of this invention. - 
.21 . . .in a preferred and most preferred embodiment of this 

22 ' inyeni:ioh, :the catalyst, Immediately- after formation, will.'be iised 
:23 • ;to\po]jmerfze one or more lower o-olef ins, particularly ethylene 
.• 2.4 an(J propylene, most preferably ethylene, at a temperature within 
25; the range from about O'C to about lOO'C and at a pressure within • 
26 . the: range. from about to about 500 psig. The monomers will be 
: i7 malint^ined at p^^ nominal holding tiine- 

28..- ■ .within th.e range from about 1- to about 60 minutes and the catalyst 
29 will be Use^. at a concentration within the range of about. 10"? to 
" 30. about I OT?. moles per liter pf solvent or-diluent. 
: ... ■ ^ •iHay^.ng t^ broadly described the present 'invention, and ja'.-. 
•32' ^ preferred -arid;' rod^^^ thereof, it is believed 

33: ^ that: the 'same .'w ajiparent by reference to the. 

34 ; .following ^ it will,,be. appreciated," however, that the • 

35 examples^^a^^^^^ forpurposes of illustration and 

36-\ should hot be consU the invention. In the examples • 

37 'Wherein an the . ■ • 
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" :,.^ y- ^4 • 

• 1; ;.:aiiaTysi5:".was by solid-state. '^C NHR spectroscopy and solution 

'.-a' • EXAMPLE } .'; . . ■ \ " 

4 . z^ ' / olefin, polymerization catalyst 

. 5 ; / was. prepared and isolated by coiabinihg 1.0 g of bis(pentaniethyl. 
i .6 :;-. cyclopenjtadien);i)zU^ dimethyl in 50 nil toluene and then 
./l . adding 0;.82 g of .triCn-butyDaiirabhiuffl 7,8-dicarbaundecaborate(l2). 

8\ Irti'e fflixturew at 'room: temperature for 30 oinutes, the 

.s9; . ;:solvent,ya? .ev^ to.baif its original volume and pcntane 

yiq '- added, to -^^^^^ After cooling at -20'C 

pyerMg^^^ filtered off., washed with jientane and 

. ,yr2:-. dr|ed. The yield of active catalyst was 0.75 g. A portion of this. 
:•. ;13, ^ -prbiucf 
V 14 ' .cJlenylOmethyicdo^^^ 
' /is / EXAMPLE 2 • T 

A^- ' ■ this ' example, an active olefin polymerization catalyst 

:i7\: was. pr^'p^red by dissolving 1.2 g of bisCpentamethylcydopenta- 
18 dienyl)zirconiura dimethyl in . 100 ol pentane and then adding- 
19. drppwis.e 5 of a toluene solution containing 0.38 g of 
• . 20 ; 7t8-dica^^^^ yellow solid precipitated 

^r?™. ^^^^^ thirty :roinutes, the solid was filtered off, 

■/•-zi . -wa^ed with pent^^^ and dried. The yield, of product was 0.95 g. A 
23 pprti.bn .of the. product was analyzed and Identified as bisCpenta- 
: 24 •; :inethylcyclopeh (dodecahydri do^7 ,8-di carbauridecaborato) 

-25 . ■.zifconiuraV'the^^^^^ active catalyst. produced in Exajnple 1. 

/•'is;: • pcAMf^r :^-. ^ ... * 

27: f:. in this /example, an active olefin polymerization catalyst 

; 28 Was^prep^red by-^ 
. .■29/.: penta^^^^ dimethyl in 60 ml of pentane and adding ' . 

.30 .;: dropwisie^ S^ a toluene ^.solution containing. 0.125 g of . 
.:31 • 7,8-dlcarbaundecab^^^^^ A bright yellow solid precipitated ; 

.: 32' :-..fr6in .Solution.. After- f.i ft e^^^^ the solid was filtered off, 

33 ... washed. with pe^^^^^ of product was 0.502 g. • 

34 . A pbrtl.o^^^^^ was analyzed, and identified as 

•35 . bis(ethyi^trameth^^ . 
• . .36 V ;carbaundecaborato)zircpniu^^^^^ " 
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-25 . 

. ■ ■ example, ethylene- was polyrcerized using a portion 

. j :. ;bf the .caiUiy?t.pr^^^ by dissolving 50 mg of the 

v*4-. .catalyst in ]06 njT.of. tbiuene and transferring the. catalyst 
•\:r5. I solution under a ^ into a stirred.. steel 1 liter 

; ,6' :\">utoclave. whU flushed with nitrogen. The 

:J -..hautbO^^^^^^ was pressured with 300. psig ethylene and stirred at 
; iB::, '\:^C, AirVer^hirty.ipinutes, the reactor was yent^d and opened. 
.••.V^ ^ .^T'^e yield 0 formed Was 22.9S gV" • 

in stmnti Jl - \.v ''::\ . ' ■ ■ • 

.i Vil: ..in tMs;\6xampre/e^^^^^^ vas. polymerized. with the 

• -.l^:.,. catalyst pr6duced?|ri Ex^^ mg pf. the. catalyst ■ 

13 ^ in/ldd roi . of. tbiuene and trah^f^ catalyst* solution under a 

•14.. /nitrogen atcwspheire inb steel. 1 liter autoclave which 

•■ • 15- ^;Wa.s .previ6usiy flu^ The autoclave was. pressured 

is :.>ith 40b. psig, ethylene and stirred at 40'C. After one hour, the 
17". \ reactor :w^^ vented and.opened. -The;yield of linear polyethylene 

• -.is'^ .fonlied was 7.4^6 g/* - i.- *.• . 

; 20\ .- . . in..this; example/ :ethy1ene vas again polymerized with a 
. ■ 21 . :portion;9f t^^^ 2 by dissolving 75 "mg 

/22 ; Of.?the. catalyst .in l.OO .rarp.f .chlorob^ and transferring under a 
. 23\ nitrog^ri'atmosphere .in^^^^ 1 liter autoclave which 

24 yas previously. Hushed wi tH .nitrogen. The aiitodave was pressured 

• ; ii. * ; w1 th. 1 50:. ps i g e thy 1 ehe . and s t i rred at • 40*C. After ' twenty mi hu tes . 

'V..26;. ' the ieactbr was.^rited;:and-.oVeh tield of "linear pbly- 

:f•27 ^. ethylene, fbrmed^w 

5.\?fl/^- example:? ; I. ■ '■'•^'.'.y^'^^ ■ " 

//29';'; • In.'thisrexamplei.^e^^ was polymerized with an active 
; :30 ..-f ataly'st .fonied^ V^^^^ cig of bisCpentamethyl- 

'■31;. - cyclopentadieriyUzirconium dim^ 35; mg of. 1 »2-dicarbaun- 

• :32'' ;. detaboraneC 1 3) in ml bf .di chloromethane . Ethyl ene .was then, 

• 3i ' bubbl ed tjirough ■ the sol u ti on- at ifenospheri c condi tions* for one 

34' ■ fninute :and;^^^^^ sjurryVthen-pbured into excess of ethanpK - The 
: .35 './. polyethylene^^f^ wshed with water and acetone^ 

. .:^35 /and: dried:.. The yield.pf pojyet^ was K6 g. 
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':.;'2 '-'- . "v \ llh this. example*;: an active*' catalyst was prepared by 

:V '3. /i reacting/bisCpent^^ dinethyl (46 mg) 

14;/ :.'i|^Uh 0^^^^^^ iZpMj in toluene .(5 niUy There vas 

•* : ' : p^^^^ passing ethylene 'through the 

^6 /.s iiiinute. Vthe solutipri. grew hot. The vial Was 

:: ...7;-v-L;ope^^^^^^^ the polymer, which wjsis ' 

':''[^A !';f)V^^I'?f V^^^ Washed w1th.'acetonev:a^^^ * The yield of polymer 

.11" "V ^" : . : • ■ " • in thi s exa^pl e; *: an :acti ve catalyst was * prepared " by. 

, :^ (40 mg) 

•..•.13:.. Vith trUn^butyU (30 ' 

::14:";;;og) in toluene (50^^^ sjerunK-capped round-bottomed flask'- The 

•• •15 ; :.:soIut^^^^ C0lorless:to bringe-yellow. On. passing 

-l Ai'-r^^^^^^ through the;$dlut1oh fbr l iainute, the solution grew hot 

.19 .v.;;. . -.i : Ih: th1s exinple. an: active catalyst was prepared In an MMR 
20 . tubi b^ 

, .7.21 ; zlrcpnluni^dlmeth^^^^^ aini 40 ro^^^ of trUn-butyl)ainnion1uiD 1-carbadd-. 
■ : /22. ^ decaborate ln rinl of. hexadeuterlobenzene placing' the solution 

• M-';;v\^:^^ ^^^^^^^^^^ The-dlsappearm^ was then 
/• i^^^ KMR. spectroscopy .and ^ the.'starting materiali 

• iS/.-ihad -disappe^^ into- the NMR* tube. Solid* 

■ :.:5:26 • 'p^ 

..• . 

. • ; : ; In :tKir-exaini)Te^^ prepared In 

C^2?V-an M by (ilssolyfng )Od-mg of b1s[i,3-bis(triiDethyUilyl) 
■\ 30; cyciop.entadfenyllz^ . 

• •iV^.-v 1n..l ml of. hexadeuterlobenzene and 

■ }>2:;^ thei^lacing^ 1:ube;; .'The*d1sappearance pf . • 
Z / ^^ ^'r^^^^^"^^^^ V NMR- spectninv When ail • 

v,34;-^^^.-:^^^ had. disappeared, ethylene was . 

35 :^ solution. 
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' / ,^ ^.;/.-*v;'p n^HPLr'i2 . ; ; • ;.v -V" ' : \ V ^- ^ ... * . . • • • •; 

2 ■ . In.thh exafliple, an active c'at'alystVas agaih'forned In an.. 

; • 1^ (pentamethylcyclopentadienyl) 

I and 70 . . 

! : . ; . 5. - 

j . /.i- " - ^^^^ foHowed by ^H NMR 

I • :.;8".:- :$pectruin\and>hen .all- .of the starting zirconiura compound ^had 

! vv^;'* v^^^^^ tube. 'Solid ethylene- 

: '--^ /yj'i-^^r ' -: ^ • " ■• ■/ ' " \ 

X"'-'^^y: }^ ■ \' - ■ . :*In .thlsVexainp^^^^^^^ prepared by . 

: 13 ■-. - suspending ^ dimethyl 

M^^^^^^^ of ' - 

; : 15/ toluene in a :ser^^ 
• • -'^^^ Bubbling ethylene through the 

. / •..■•.^^^^• n a vhlte/poVynier to. fona as the 

.. \ lis i solution btfcame warm. Jhe 'vlal was opened arid the polymer 
/ The yield of polyethylene was 0.13.g. 

• • - ;;2Q^ . pCAHPLE 14 ;;J ' " • . . 

;:V2t* V'J;' . In this, example^ an active catalyst was" prepared by ' 
! / - . 22 reacting bis(pentamethyicyclopentadi en (45 rag) ' 

. /: . ; 23 . /iVrt tri(n-butyl)anraH5n^ (30 rag) 

V ■" '■ ' ■' -'.r: '' ■.24 : jri -toluerie (5 ml)"^*^^^^^^^ turned from 

V *-. t ...... .025 .:• .i^ol.oH for 

:• ^y-y ^27 -' eX^ :; , "Y 

^•:\:'/^2S''.X. ;in^:thi$ .'exajiipleV a^ • 

•• :.•':-;• ;.**/ • 

, : v; \;3tf^ and:90...rog of N.N-dira^^^ brs(7.8-dicarbaun- 

. :. \^3r-:' decaBoratpkoba^^^ in 5 ml of toluene in a. serunv-cappe'd- 

•^^ V^ With gas' . 

■; \^ •.-cevolutVon:' On ;pas.sihg ethy^ solutibh for 30 . • 

■ :;.vif 34- ^is^^^^ y 

.. :.. 35/ ' e The vial was opened and the' 

;-./'^- 36i*- vsol:ids;*pre(ei ethanoK 'These -^erg- Washed lOX • 



V-/:-;;. • ■ ^V*^ ' V^V . • 28 ^,0" -.r-r' , . ■ 

* • ^' **;V^"-^-^-^I°i^" ^9J^^F:.)t!yiir^^^^ land hexane. . 

\;2i:\the:y1eld Qf-polyetir^ \ : . 

•^•'••'••"^ .V.-? • r 

. / ' ••• • thf s 'exam^i an active catalyst. irai'i^^^ prepared by ■ ' 

yZ -'v-^'/r"^^^^^^^ b1s{pent;ainethy].cyclpperi^^^^ dimethyl (AO ing) 

• '■•ir 6 ;/Vy. th ;N>-d1rae|^^^^ } nliS bl sCy^Wl carbauhdecaborato)ferrat^ 
r?'-. ' .'(4S:mg>^in;tolue^^ iserum^capped -ylalV On passing. 

; ethyWny "tt -the lilxture- grew, hpf as ipolyker" 

V. ' -^r-^'^ ky^ cbntenti;d1]uted-.w1th acetone;" 

JO - :^ t^^ potynier Isblated was" a.33 gv.. 

•:■ -IV., /^aKple' n - V'- ■ •• -.^ -• ^ 

^ 12' v.;-; .•'•^'.'> In^'th1s<wai^ by 

'•• .': ; • reacting .bUCpentame^^^^ (40- mg); 

. : -^'li'-: • w1 th tri(n-butyl)^ bts(7;8-d1 carbauhdecaborato)nVcKe1ate . 

/ '.;fS :(III).:X^^^^^ in.aVseri^ . 

;■ .: . ■ " 16 " . .f^skV/jEthyle^^^^^ mjnute. 

i7;....7^e.so^ut^on igrew hot as : politer: pr^ solution. The • 

•/.-.18V . flask vas;dpen>;d.a^ wjth atetone. The solid' ' 

V :13 ^ . Pqlyiner wa| :f11tered^ • 

■ v ^'20. .^yjeld orlsolartedv^ g,:'- , 

/ - : : ;'-;22 ; : ' In :tMs ei^^^^ 
;;. • 23 . -suspending -iOO^^^^^n^^^^^^^ 

.;.= *V2f " '^^•'^^^^ ti"s(7,8-dicarbaundecaborato) 
; . V -25^: .co^ ;1r IQP: mrb^ 

v!.:./ :'26-'V^^ Vubt^er septum; :. Ethylene: wasvbubbled through 

i^f: ;27:';Vvi^^ . ' 

::^>'*..2^> !..POured;iri^;^ : 
'\ :-^'-^-'y:29:\ •\was: 2:9|* g^.y ^^' .V^ \ \, • • • •'"^•^^ ■ . 

•■ - EXAHkE^i 9 •• ' -'^f ^."/ ••:V ; ' . / \ \- -r. ; 

• V 32^ suspending ^IpS^fl^^^ ■ 

■ * : ■ -34 . : -b^ s(7 ;8-d1 ca^ a^.- 
:'35 . . .IbO. ■roV.ro^^ a-rubbe'r 'septui.;. Ethylene-, 

^36 v>^"s;^ was . 



; /^C i -opened ;and- the c^^^ *• 

! ••o'^"' v!.^' 2 . -yield of p6l>ne^ .: '-l--''^'" ' \. - . ^- ' 

I .^^ " 

I aV round- bottomed ;flasXVc^^ ;:* - 

j 3. -.^^^ no*:*;", V. • 

* . 9 ;". /o^^^ • " : 

^ ■ ^/ -ri y. jq:/-"" 

■ ■ ' iV;*. vis /open contents. iii|uted.w1.th^^^^ evaporated. .The' • ^- . 

;•. y^''' /'^^ -'I'-^-^ii: . yU)d!6f po^lymeir was iv9 "gv ;* .*X '— 

- -J:' ' v. 14V. * • •• ;in tiiisjei^ 

-^o"-': '^ ' 15 : nig:()f bl5k)rcl^^ ■ 
15. N.N-diinethylanrliriiuin bis(7,8-dicart^^^ . 
. •V-;J .: 17. * SO cil. of toluene 'in a leptuni-capped -round, bottomed, flask.-' On- ' 
^/y'..VvV. jg";" Vpa^^^^ solution.^a/prohouhced turbidity / ; 

**;v •.•■;'•■ -19^' . Aft^r io; . : , " ■ ■ 

vVX **- -..'ZO • minutesY.the s^^ , " 

;■; V;";:" ''21 . ' f 1 Ujsred :of f and dried; ' The yield ^bf linear, polyethylene was: ;?;2 g.;-' • . 

c 22 ; i)wPLg 22 ' " ''"\' ^^v'J-.:.:: vV..'' - • ■ • ';■ ' ■ V ■ .' 

^:f/>.^^/vV \ •.;^23. • :''ln this"example; ethylene Was p^^^ 50 . 

:'JVVV* ^4: .>^:0f bisCtriraethylsliyic^^ ; . 

" ';:y'-^'^-f-:^^' 2i 'm^ :of N.N-d^melthyla^ . • .: ■ ■ 

'* ; - in^5-mi'bf. toluene^. 1^ serumrcapped' vlil.-. 'On* 

•i-X .•:'.•;. ./..;. * ; 2'7 passing ethylene ^ polirmer^fpnned as the:. ; ' •. - ^ 

• * P' '28 ;in1xtuVb.;^revr Wtt-:Af^ j;ra1nut^,:v^the vial was ppened .and the ;■• /• 

':-<:: ■ 29 > -cbnterits; diioted with' airetorie ahtf ..fVl tefed 6f^^^^ .The yleld of./ ' * - : V ' • . 
-^^ ■ v;V\ Xja". -linear p6^ J- 

'^!\:^'-;.r^-:''jr'^ • : a: ?.'/L • ' • ^ * 

;^,,:'::.;V-'.y •^2^.; ;v In-^thllv eth/iene-aifid Vbiitehe. Were. .cbpolynieri zed v ': .- 

' ^ V=:/'^ vi ;- -:^3 'in :i'toluene/dJ1u^nt^ under a nitrogen. ^tmo^ 

■ - -^^ Cipnta1n1.hg a catalyst prepared: in situ from .50; mg- ' 



; 3;^ pressurized ■\fHlvi2b pilj of ethyl erieV-Jhe stirred^ ' :; • 

^ -.."r >. ffieOrt^^^^ air... The^veightV the 'pi)]y£e/ Isilated'. 

I .■ ' n? '; :;. NS'' :?7>tM-. tranche ; 

' r. -W.-, -.toluene '..dlYuiint by adding under. a nitfogen/ajhwi^^^^ ]?•' ' • 

; ^::•V" / : ..^^^*;^^:^^^)/j^"s-ste&V^ . 

: - . '^'^■^^"^^^"l^g^^^^ ; \ - 

1 I' ^ ; y,14 . . cataiy^^ 1n tbluerie containing 70 i^^^^ 

! • /■ ^ • 7 15 ^;.diepynh^fn1^^^ 45 nq\(^f fi.N-dtniet^yla^inhiira^ .. .' -^ 

; • 17 . ..added.to.th^^^.^^a^^^^ 

; >;. ;• ,18 . of ethylene., LThe^ ^^^^ 
! • --.v V. ..19' ^coo^eci;and-ve^^ 

: v. . • 21 polymer /vas^l ore and Infra-red- spectroscopy " . 

■ ■2Z that there weref about 29. ethyl. >r^^^ ''}^':^ 
V;^ '\ EXAMPLE 25 • : . . ' ■* : •/ V '"''.^ ' /* . " '■■ '] .'V->-.. 

24 y 'In^this example, '^th^^ Hitting^;66^- '\ 

V-' o. : ,25 ■. ;n3 i-b1sXcyc)opent^d1e^ :; 
r : VV^^ 

27 ;; cotaltateCIII) :!n;?5. rol of tbluerte in' at s ^rum-capped round-bottomed: • - • • • 
y , thfoughMt^=5;'^ . ' . 

•^■"■*;;"#,; ^^^^^ 

: ■:*. * ";:; :, /{-y -ir; ^and"a9Btone»:::^ncl .clr^^^ 

•■'■'■^■■/[■'i'. 33' -EXAHRLiE 2(r '-'\:. ..j:^.' \" */; J * /> 'X : •■. .• • 
; • V v34 in. this ^J^ample; ethyjene^ 

.36; cig of .NvK-^ioietiiyla^ bisa^jMicarbaundecabbra^^^ ? ..-J*; : 'i *' ' \ 
/■ ' 37 ; Acotal tateijil); f n :20: tn) of tbjuene ^nva^sif^u^^-« roiind-bottoDJed I :^' V " 



; 2-- .precipitated' a soJution gre^ wirm. :.Af ter JO minutes;-. the vial. 
' -a - --wai'op-^ned'Vh^'the'M^^^^^ ethanoi:- .The •^riclpt.tat?;-.. 

■iV- : .-^ A was f 1 1tered. off ;:;Kashia>ltH. etl^ '^^^^^ y^!^ P^. :i- 
"5'. ^b'lyethyieneVisoi^^^^ yas;U41v.gv . . 

■ 7:'. ■ • ' :in'thi^.exaiiiple/::ethyiM reacting -S?:- ., : 

•• s'- - ' -ing- of J-4iv$jc^^^^^ '.'''^ 
•' ••9" ■m^:'6f ..H^N^diBie^^^^ ; 

•• • 11^ V-fi:aski .' ph: 

• • ■■ pre£VpVtated;^i^the;i^^ 

■■ -ij' wai ope>.ed;and:itK6)W^tentJ dl^ The polymer Vas ■ , 

• >14: ^filtered off. Waihedr*^^ 
" is ' 'polyethyienVisdlate^ 

• -y. : • In this exMple; ethy.VenS.vai^^p^^^^ .... 

• 18 ■• ing.bf bis(<iyclopentMrenyl)iirc6niV(.2.3-^^^^^ 

19 and..88 Bg of N^H-dimethylM ' . 

20 cbbaVtatKIII) in 50 ;ni1 'of .toluene J b6.tt.le.; ' ..• 
- ' • 21. •• Ethyl ehe vis. pai.s.^* through the .solution,.^ whtch -gradual ly grev..| 

. 22 Wrm.' "• Af ter ' 15; mfriute^^ the .jSott lis .was: opened and the .cont.ents • . . 
.;23 . di.iuted wj.th ethane)!;- The ^oliiiier .was if i 1 tered off.: Hashed -vtith 
24 .ethin6Ky1^a;:(irje^;:'-th^ «ai : v; 

^..-'-EWHaija.- - 

... 26V. ..ik.this.M reacting 40 

; •. 27.^ mg pf %(cy^lopent^^ 
zi ' .•4i Bg o/ j)^N-d1inetHy.rw 
■ ■ 29:. . cdbaitate(n.i);rn.;50;A^ tbWeiie.-ln.a serunj^capped bo : ... 

.• 30 . Ethylene va$"pas$ed through ^J^^'^ r . 

v- .'-31 • i(i;tKin: 30: seconds: A Ahef}M^^ 

32 .•cohientV diluted f 
.i v^^'^i^th^^^ 

■ ••34". .was'.OJ'iii- - . ■• .•V-;:-.'V.-';:!..\V;.'''V.:- ; •. 

;.• ■• •"is :.- ■ • : i •■ ^ I ln. .thiV. eiampie;.; ethylene. Was:^^^^ 

• azixng brip^a^ihylcyc^ .methylene 



\' ■ ' y ' V 32-.""-- y " ' '^'-./'-'j 

" l-" /-eta^-cyciopehtadi^ and' 45 mg'of 'N/N-dl.; "'.v. • . 

2 niBthyla;nniniua bis(.7i;8-d^^^^ 20 qI; 

, ■- '3 * of: toluene In a serirai-cappeii .roDnd-b^^^^^ On' j^assing ^''^^^^^^ 

• . 4 . ■ ^ethylene through the solution,, pptyjiier Vbra -insitahUy and . 

S /.much; heat y^^^ evolved; / After 5WiniiteSi\'the'';^ val'ip'^W^ 'V 
: . 6;..\ -tbe /contents .dniited yit^ ; 
• . 7 off? washed, with a^^^^^ dried-; -The; yield of polyeth)riene • 

;*8 ' isolated ^yas 6:55 g! : ■ "^^^ 

. 9 • V "s^iELLii . J;;^ '< ^'^i::-.; ' y -v \ ^ " : 

10 ' "this exaffl^^ 

11 mg of .Cpentainethyicyclo^ 

•I^ niethyiene)ha^ benzyl and 60 fl:g of .N»N-dimethyla'hfU 

13 . >i s(7 ;8-di.cVrb"aundecab^ n . 50 .'cil • of tpluenVj h>a? 

- 14. . serum^^^ bottie, ;vEthylene vas'']^^^^ 

15 -10 iiiihutes. ... Polymer-precipitated as .'the solution grew Varm. '' Th e' ' 

. 15 bottle was opened and the' cohtents dilubd^ w ethanoi: the spTid. 

17 polj^er Was .filtered p and. dried. The . v" 

; 18" yUld of polyethylene isom^^^ • j V * " ■ . / 

20 :In this" exaibple, ethylene was'potyinerize^^^ 

21 g of bisCtriinethylsilylcycl^^ with 0.08. 

; 22 -g N.N^dioetliyl M 1 iniuiri bi s(7.8«dicairbaundecabbratb)cob * 
' 23 .i a- 10. ml of toluene. A portion of this sol^ 
24. ' injected under .a pressure 3000 baf.of : Isopar. into an aiitoclayey 
■25 .pressuri zed to 1 500. bar vith; ethyl ene 'and heated' to '1 60' .'. •Af^^^^^ 
. 26 *sec6n(Js ihi .contents oif th6: autociiye were -discharged* / LlneaK - 
;.27;' . polyethylene .(2 J g) with^^ weigbt^a^iterage/i^^ 
;28' 144.000 -and ia .iiiolecular we^^^ o.f 2.9 was:.is51at^d:4 

29 . While the present inyention.ha^^ 

:. . : 30 . iiluftratiBd. by. riiferenw 

31 .-bef/appfecii^d by those.of <^^^ •i'n.the.artvthk.thV sanie?^ 

32 l.ends itsel.f to variations not'/necessi^^^ 

33 -..this.reasbn*. theov reference. shib^^^ solely/.to thevappe^^ 

34 clairos foir purposes of detenDining^^^^ scope of - the preserit^^ 
,35;-:''1rivenf1on:' \ :' ^/^ / . 
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1 .one i'^rst compound cons Is tj^ 

• ■* compound contalnlrig ^at least idne substHuent capa^ V :-?v* 

/^ith a. proton, said metal :.beln§ys el ected^^.f^^^ . 
"of tlfaWluin, 'z1rcoh1uni;and hafnium and 'at least .one second "cbmpound 
coraprl sing" a' cation^ capabli of v:.:- '-, 

• . , - containing a^plurallty of boron^^ 
' capable-ofsUbi lining :ti)e 

Vireactlbri between-the ^wb .cb^^pou^di^:"•. ; * /V V T *: v;: • ; r 
. ' \. . ; (b) malntalrilngVtHe cbfitictlh§ 1h;:^tep, (a)-;fora .V'*' • 
• ' sufficient period or tinie to pennit 

. • cation of said second compound to react with said ^ubstituent .. 

contained in said mefal cofflpbund: and ■. ■ • •-.• r- ; *" 

■(c) recovering an actlve.ia^^^^^ . 
as a decomposition product pr^^ * .■ ;/;...• 

; * • f rom St ep; ( ij) . " • ' * V'-' - ^ :a ' ' ' 

2; Method according to da^^^ 
pentad ienyl)inetal compound :fliay-be'^^^^^ . 
'* ..general fonnujaie: " ' \:'v *• • 

■ ' . ■• • xc^*>(CpR)MXj'7- .•^-••^1 ■"r^"'-; . 

*' ^ ■' . • ' Wherein:- ■* f .■ V.. -vj. '. ••''*. .•^•V .^^ 

: V. • . ':.'*';*;.; . . 5 fa metal- selected from. ih^^ * \- : 

' : or ^V^e^eht substituted 

J- ..unsubstituted ridicaU 



*. ^ y V^'-34r ^ -j-^^.^ • .v'^-' 

' • " containing a* Group IV^AVeVkjeritrL^ blefinV dlplefin- • 
or aryne iigand; X^, and X^v-are,'. Independently,- 
v*^;; . : • selected froQ' the group .conslsti^^ . "::: SV :.' * 

• radjcals.hydrocarbyl radicals., substi.tuted-hydrocarbyl * • • . v- 
. ■ • ; ^' ■* " r^.*^1cals;'^^^^^ ? V; . 

'■ • hydrVifes; organp-^Be'ta^^^^^^^ .the;iilce;:X!Y. V. 

and X' 2 are Jot ned -and* bound to the netal .atpn . to fbna a . " [j . . ; ; " 
metal lacycte,' In which the oetal.iX'y isind ;X*2 fpro a . . 
... r ... hydrocarbpcycVlc rinj contaliil^ • 
. ■ • • carbbh atoms; -and' R;^^ ^ 

cyclopentadlenyt.radf^^^^^ ■v^-:..!. 
'J' atoin. * . Vv ..'/• •;. ^ '. //■ '" ^ ' "^x/"/. v^' 

. .■ • I J--. ..3: ' Method' kcbrding^to CI aii^t \'} V V/ \ 

'second compound. nay be represented by one of th'e fbiloVirig- general' "■ > " • ' 
formulae:."' ' • *. . * 

. ' ••' 'Khereih: ' • - .... ; * .v- ""iVV •/ v- '^^W-"'^- *. ' ^ • 

LVH Is either H+.'aiiiMn^^^ '! •. . >; • . 

radlcal:having up to 3 hydrogen" atpbs-replac^^^ 
. . hydrocafbyl or sybstitu^^^ 

' phosphdnidni or-siibstltut^^ . . O. 

to 3 hydrb^eh atbias replaced with a/hydrocarbyro^ ♦ . 
; subs tftuted«hydrocarbyi: radical and ^. 
,■ respectively;: boron an " .V 

sel ected, Indep^nden tiy , ; f ron the. group cbnsi sting of . 
. Hydride radlipals,^^^^ 'i '-' 

. 6rganb-4iietalloid radfcais ariid;the.li):e; a sm^^^^^ ;.;;'>:.'•:>■ 
1nteger>;>:g;;;c.l$ an inte^ V : v 

' Wn-nurabered' fhte^^^ • 

:\ ■ * [/Integer: ranging.'^ . ; .•.V-o,--'^ 

* . . -V Wherein:-; ':•;./•/ • ■■ ;* -^^'V- '.V-^-' - ' "••7*" V*- • ^" 

• -^.-r*^ ^5 either H*; ai™ \. 
.. radical having' u^^ ^' v- 

■ > ■ - ^ hydrocarbyl W radical * Vs .. • . . • 

' ' ■ phbsphoniuro dr substitutedr^^^ • V ;*, 
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• ' ' ^35-' -V . . ;"; ' • 

to' 3 hydrogen' atoins replaced* vith-.a'hydroifarbyl "or • ' 
substituted-hydrbcarbyl radical and the. like;. B, C, K and-^^; 
H are,: respectlvelyi. bbron"; carbonV a 'transition. roeta.l and.; 
■ - . hydrogen; X^, arid Xj:are VadV 
. • • Independently,:' from the group corislstfng.pr'hydHdej-; * ; 
radi cal s , hal Tde. radi qal.s i hydfocarbyl; radi cal s , " . 
organo^oetallbid radicah/and the;.[ike;/^* arid b*. a^^^^ 
same, era different J nteger.>.0;*c^^ : 
a-.+; b' ♦ cV - an even-numbered. .Integer 'fron '4 to about 8; 
raV 1$ an Integer from 6 to about 12;. n;^^^ 
• . . .that 2c' "r n <J; arid d 1$ an. Integer >; i .; • 

• 4. "Method accbrdlng- to any or the;^^^^^ 
wherein the contacting of step (a) Is acconipil shed at a tempera tu 
within the range from about -lOO'C to. about 300'Gi preferably at 
from 0 to 45.000 psig. 

5. Method according to' any of the: preceding . clalm^ 
wherein.said second compound is represented by the general, formula: 
. . ^ \[.: - iL'-HK(CH)^^(BH)jj^j*^^".;;v ; . 

•"Wherein: • : • ' : 

L*-H is either H*/ ainmonium orr'a^s •.*■. 
* optionally ;tri-subst1tutedradU ■ ; ^ 

hydrogen: atoms replaced with a hydrocarbyl or substituted-, 
hydrocarbyl. radical, a phosphoniuro or: substituted- . 
phosphoni urn .radical having, up to 3- hydrogen*, atoms .replaced 
with. a hydrocarbyl or, substituted-hydrocarByrradical and 
. the like; .B...CV' and: H . are, respe^ and;- 
. • . hydrogen; .ax is eUher 0 pr 1; cx Is either 2 :br: l;;ax +.• 
\ " [ cx -. 2;. arid bx Js ah integer ranging from JO . to .12. 

•6; Hefhod aGCordinj- to Claim 's whe^^^ 
compound, is selected frbni-.the/group corisi^ 

ammonium] dpde'cabbrate. and tri(n-b^ .. 
• ';'. • ■..V-carbModecabbrate arid said- first! selected. from" th'e . 

• group consisting of . bisCpentamethylcy^ 
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hydrocarbyl or subsHtuted-hydrdcarbyl radicaV, a * 
phbsphdniuiii or substltuted-phosphoniun radical having- 6/ 
to J^hydrogen atoffls replaced with a hydrocarbyl or-. . :,- 
. • substituted-hydrocarbyl rad Veal and the .Hlce: B; C;.H .aritJ . 
HZ are;" respectively, boron, i^arbon, hydrogeh and' a.-.- • • 
transition metal; az Is an Integer :frdDr.O to Zi bz.ls an 
Integer from 0 to 2; cz 1$ eltlier 2 or 3; mz is an Infeger. 
from 9 to 11 ; az ♦ bz cz i 4; .and nz\and. dz are, 
respwtively, 2 ■& 2;o.r 3.8i K. • ■■J'^ *-- 

lb. Method according- to Glalw ? wherein s 
• compound is N,M-d1niethylahi].in1ura bU(undecahydr1db-7,B-d1r • ' \ 

carbaundecaboratd) cobaltate(III) and/or wherVlh;sal|i. first 
. compound is -selected from the group consisting of • 
l-b1s(cyc.lopentad1enyl)titana-3-d1ciethylsilacyclobu^ 
l-b1.s(cyclopentad1 enyl )z1rcona-3-diraethylsi lacyclpbutane. and . 
J-b1s(cyciopentadienyl)hafna-3-d1niethylsiiacyclobuU^^ . 
bis(cyclopentadienyl) zirconium (2, 3-dimetbyl-1.3-butadiene)a^ - 
b1s(cyclopentadienyl)*hafnium(2.3-di(n^thyV 
Cpentamethylcyclppentadienyl).(tetramethylcyciopentad1enyl-'. ■ 
methylene)zircbniuni phenyl. 'and (pentaroethylcyclopentadie 
(tetraniethylcyclopentadienylinethylene) hafnlu^ benzyl;, or wherein 
said second compound is. selected from" the' grbup conslstlng.of . ' 
N.W-dimethylanilinluin bis(7,8-dicarbaundecaborato)nicke1ate(Iir 
and N,N-dim^thyianil1n1ura.bis(7,8-dicarbaundecabor^ ferrateaii) 
in which case preferably/said first compound Is bisCperitainethyl- • 
cyclopentadienyDzlrconlunj dimethyl. 

11,, .Method for poiynierlztng an a-olef1n; a d1 olefin. 
and/or an acetyien1cally:Unsaturated compound containing from; 2 to. .. 
.." about 18 carbon atoms either alone or In cqm^ 
. moire other monomers compulsing., the steps of: . _ 

(a) contacfin^ .at a temperature .within thV. range- fr:cra / v- - 
aboutV-100*C to about .306x and at a pres'suire. within 
fromvabout 0 to about 45^000 psig. ah otefln. Hji olefin. and . • • 
an acetyl.enically unsaturated monomer, either alone, or in ... . 
combination with .one or more other !ion6raers In a sultabie . 
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carrier, solvent, or diluent- with' a catalyst prepared 'previously • 
or in situ during polymerization by amethod according to.ahy^ 
of the preceding claims;. 

(b) continuing the contacting of step (a) for a.' 

. s^ifficieni period of .time; to. polyneHze at least ^ 
• said olefin; 

(c) recovering a polymer product; . . ' / 

12: A catalyst prepared by a nethod according to any of . •" • 
Claims 1 to 10.. 

.13. Polyplefin produced .in accordant vith. the methbd of • * 
•claim Hi ■ • 

14. Composition of matter containing compounds 
represented by the following general formula: 

(A-Cp)MXjB' . 

Wherein: 

M is a metal selected from the .gfoup- c^^^^^ ' 
titanium (Ti), zirconium (Zr) and hafnium (Hf);.(A-Cp) Is 
either (CpXCp*) or CP-A^kp* and; Cp and Cp* "are the same'. •' 
■ or different substituted or ynsubstituted cyclo- . 
pentadienyl radicals; AVIs a covalent bridging gr^^^ 
containing a Group IV-A element; X, is selected from the 
group cons i sting of hydride radicsi Is v.hydrocarb^^^ 
radicals, organo-metalloid radicals and the like; and 
. : a compatible non-coordinating anion which may be - . 
represented by one of the. following general formulae: 

Wherein: ' ; . 

B' ahd. t are, respectively,:- boron- and; carb^^^ X' and-X-' - 
.-are radicals selected, independents the group 
consisting of hydride radicals.- hall de- radicals, " *• [ 
hydrocarbyl radicals, organo-metalloid radicals and the' 
like; a. arid b are integers ^f Oi-c is/^^^^^ 
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• a ♦ b ♦ c - an even-nu(nbered. integer from 2 to about. 8; v 

and Q U an integer ranging frora 5 to about 22;' and.; 34-. '. 

Nhereih: 

B. C and H are» respectively, boron, carbon and aV" ' 
transition raetal; X^, X^vfnd Xg. are radicals V" 
. selected. Independently, from the group consisting of*'; ^ 
hydride radlcais/halide radicMs; hydrocarbyl .ra^^^^ 
organo-ffletalloid radkais and the:]ike;'A*">^^ are- the / 
same or a different Integer > 6; CV Is an Integer > 2; • 
a* ♦ b* t C - an- everi-riuiiibefed -Integer .from 4 to about- 8; , 
oMs p Integer froiD 6 to about !2; n1$ an integer su^^^^^ 
that 2c' - n ■ d; and.d Is an integer'^.]. * 

15. Composition of matter according to Claim i4 wherein- . 
(A-Cp) Is a bis(peralkyl-$ubstituted cyciopentadienyl); X 1.s:an 
alkyi group; B' is (dodecahydri.do-7,8-dkarbaundecaborato) and M Is. 
zirconium and wherein each of the a'lkyl groups in the peralkyU*" 
substituted cyciopentadienyl radicals. are, independently, ■ ' 
CjrCjQ alkyl radicals and the alkyi "group is a C^-Cjo ^^^y^- 
radical, the peralkyi substitution being. preiferably pentajuethyl . or . 
ethyltetraniethyl and the alkyl radical, being- preferably a methyl . 
radical; 
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